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response and adjust drug dosage before 
breakthrough seizures or toxicity 
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blood level trends and adjust 
anticonvulsant dosage before problems 
occur. If a supply of these charts 

and a comprehensive brochure 
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Each unit consists of full color 35mm transparen- other parts of the series. Slides include gross and 
cies, tape cassette and printed text. It covers a microscopic pathology, electron microscopy, tissue 
specific major subject area and can be used alone culture and histochemistry. 


for review or study without need for reference to 


No. 2911 


The Cells of Neural Tissue and their Pathologic Reactions 
by David Cowen, M.D. 


A lecture course in basic neuropathology. Reviews logical changes are shown — also how single 
the normal structure in the nervous system: neurons, components of neural tissue may react under 
axons, types of glial cells andthe ependyma. Patho- abnormal conditions. 74 slides $85 
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2. 

Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 

52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
< another publication. Accepted manuscripts become the 
-permanent property of the ARCHIVES and may not be 
` published elsewhere without permission from the publisher 
_ (AMA). 
Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
- including changes made by the copy editor. 
= Designate one author as correspondent and provide his 
- - address and telephone number. Order reprints at the time 
-~ the typescript is returned after editorial processing. 
‘Specify address to which requests for reprints should be 
sent. 


/ and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
= typed double-spaced on 22 x 28-cm (812 x 11-inch), heavy- 
= duty white bond paper. Ample margins should be 
~ provided. 

‘3 Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Manuscript Preparation.—Submit an original typescript 
f 















Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
_ tion and spaces, and be limited to two lines, if possible. 


of Style of Writing.—The style of writing should conform to 
= acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author, (2) title, (3) journal name (as abbreviated in Index 
Medicus), (4) volume number, (5) inclusive page numbers, 
and (6) year, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, 
and (7) year. Volume and edition numbers, specific pages, 
and name of translator should be included when appro- 
priate. The author is responsible for the accuracy and 
completeness of the references and for their correct text 
citation. 
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Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 


Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em Xx. 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 


Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 


Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 


Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 


Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 


Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28-cm 
(812 x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 
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Harvard Medical School 
Department of 
Continuing Education 
Announces a Course in 
Neuro-Ophthalmology 
April 18-22, 1977. 
At the Copley Plaza Hotel, Boston 
Under the direction of 
DAVID G. COGAN, M.D., 
and SHIRLEY H. WRAY, M.D., M.R.C.P., Ph.D 


of the 
MASSACHUSETTS EYE AND EAR INFIRMARY 


This course is arranged primarily for neurologists, neurosurgeons, 
and ophthalmologists interested | in neuro-ophthalmology. It is 
designed to illustrate and amplify the essentials in the neurology of 
the ocular motor and visual systems. 

Special attention is given to the neuro-ophthalmic evaluation of 
the patient with emphasis on neuro radiology of the visual system 
and recent advances in diagnostic procedures. Instruction is 
conducted insofar as possible on an informal discussional basis. using 
live demonstrations as well as televised and cine recordings. A 
tentative schedule of the program is provided on the reverse side of 
the announcement. 

Time is also devoted to bringing the participants up to date with 
current research allied to neuro-ophthalmology, an innovation 
enthusiastically received in 1974. In addition, this year a special 
symposium will be devoted to the neuro-ophthalmic manifestations 
of Multiple Sclerosis. The faculty will include: 


D. Frank Benson, M.D. 
Don C. Bienfang, M.D. 
Emilio Bizzi, M.D. 

David G. Cogan, M.D. 
C, Miller Fisher. M.D. 
David H. Hubel, M.D. 
Simmons Lessell, M.D, 


Professor I. McDonald 

Robert G. Ojemann, M.D. 
Glenn H. Roberson, M.D. 
Marjorie Seybold, M.D. 
William H. Sweet, M.D. 

M. Kenneth Wolf, M.D. 
Shirley H. Wray, M.D., Ph.D. 
David S. Zee, M.D. 
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The vulnerable 


es The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7. when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,! and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 162 


A 
k á 
~ 
ow 
J 





Mysoline (primidone) for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!34 and 
focal epilepsy as well.» 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.© 


Change to Mysoline when other anticonvulsants fail — 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.7 
Ayerst. 
ə 
soune 


Tablets 250 mg. 


a (primidone) .....°°2" 


May be the start of a 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 
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Mysoline (primidone) 


` may be the start of a better life for the epileptic 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 


(For full prescribing information, 


see package circular.) 
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MYSOLINE” Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS :Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 


medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 

Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 


When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally. the following have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MY SOTLINEF and to other anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 


lst Week 
250 mg. daily at bedtime 


2nd Week 
250 mg. b.i.d. 


4th Week 
250 mg. q.i.d. 


3rd Week 
250 mg. t.i.d. 





In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 


other drug(s) is maintained or gradually decreased. This regi- 


men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 

e for initiation of combination therapy 

e during “transfer” therapy 

e for added protection in periods of stress or stressful situa- 


tions that are likely to precipitate seizures (menstruation, 


allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tùblets —No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000, Alsoin unit dose packageof 100. No. 431— Each 
tablet contains 50 mg. of primidone (scored), in bottles of LOO 


and 500. MYSOLINE Suspension —No. 3850 —Each 5 cc. (tea- 


spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 


of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 


Ill.. Charles C Thomas, 1972, pp. 6, 7, 584. 2.Grossman, H.J.: 
ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C.M.D. 37:49 ( Jan.) 1970. 5. Forster, 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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CURITY 


Myelogram Trays 


Specially Designed Cannula 
For Maximum Recovery of Pantopaque 
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An exclusive system...with a specially designed Xylocaine™ is included in every Myelogram Tray. 
low-hole profile cannula that increases recovery of Ask for our supportive literature...you'll be con- 
pantopaque, and in addition minimizes CSF loss. vinced. The CURITY Myelogram Tray...another new 
The specially designed cannula slips through the horizon in CURITY diagnostics. 
spinal needle and extends beyond the sharpened ah fee rea 
tip of the needle. The cannula has a smooth blunt KEE S Astra Pharmaceutical’s Trademark for Lidocaine Hy- 
end and minimizes the risk of Piercing a nerve or 
puncturing the canal floor. Result—A Significantly 
greater quantity of pantopaque withdrawal! 

Each CURITY Myelogram Tray contains the . 
proper provisions for collecting spinal fluid sam- : 


ples for analysis. Alternate versions allow for fluid INNOVATORS IN PATIENT CARE 


collection and pressure measurements as well. 1% © 1976, The Kendall Company, One Federal Street, Boston. Ma. 02110 4 
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CURITY 


Lumbar Puncture Iray 


Permits Efficient CSF 
Measurement and Collection 


A unique patented automatic adapter...a sig- 
nificant innovation over the old-fashioned 3-way 
stopcock in measuring fluid pressure and collect- 
ing fluid samples. 

The adapter contains special self-sealing valves 
which open once the manometer or specimen 
vials are attached. The valves also close automati- 
cally when the manometer or specimen vials are 
disconnected. No additional manipulation is re- 
quired; the entire procedure functions as a closed, 
aseptic system. 

The CURITY Lumbar Puncture Trays provide 
the hiahest aualitv components to ensure op- 


KENDAL 





timum procedural efficiency, aseptic technique, 
and added safety. Five lumbar puncture trays are 
available to meet adult, pediatric, and infant re- 
quirements. CURITY Lumbar Puncture Trays 
another new horizon in CURITY diagnostics. 





INNOVATORS IN PATIENT CARE 


© 1976. The Kendall Company, One Federal Street, Boston, Ma., 02110 
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F i ; ee AMERICAN dical Aspects of ' Sports: 16 


AL ASSOCIATI 


Its an invaluable source of authoritative infor- 
mation on the most recent developments in sports 
and sports medicine. It covers such important 
subjects as: 
Y e Recent developments in skiing safety; ways to 
reduce high school football injuries 
_ © The patella of the female athlete--subluxation, 
chondromalacia and patellar compression syn- 
drome 
e Effects of steroid drugs on the strength of 
Cartilage and tendons 
e Health care of the athlete 
e Sports medicine programs 
e Emergency first aid 
This publication is one of a continuing series 
based on the AMA’s annual Conferences on the 
Medical Aspects of Sports. 
If you missed The Medical Aspects of Sports: 
A 15, its still available. It includes such topics as: 
perspective on drugs, the female athlete, head 
and neck injuries, and rehabilitation of the knee 
following surgery. You can now also advance 
order the newest in the series, The Humanistic 
and Mental Health Aspects of Sports, Exercise, 
and Recreation - available September 30, 1976. 


l 
| 
1 
| 
ad 


Order Department 
American Medical Association 
535 North Dearborn St. 
Chicago, Ill. 60610 


Please send me the following: 

( ) Medical Aspects of Sports:16, OP-452 $2.00 ea. 

( ) Medical Aspects of Sports:15, OP-423 $1.00 ea. 

( ) The Humanistic and Mental Aspects of Sports, 
Exercise, and Recreation, OP-459 $7.50 ea. 


Enclosed is my check for$———— —— (Please make 
payable to the AMA.) 


Name 
Address 
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The schools don’t like to get 
involved with medication for MBD. | 
-and now they don’t have to 
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Importance of Clee (pemoline) single daily dosage 
to the child, the parents and the teacher 


For the child For the adults Cylert offers these benefits in 
a treatment program for MBD 


No drug in child’s pos- Control of medication 
session while at school remains with parents e Single daily dose administration 
Avoids situation in Obviates need for s iae lar eff 
which child is repeat- teacher or nurse to inimal cardiovascular ellects 
edly per ones TET taking o! e Mean dosage in long-term studies k 
being “different mid-day doses ; i 
remained remarkably constant 
Helps prevent possible Helps assure that the 
variations in effect prescribed dosage is e Can be taken with breakfast 
caused by missed, for- being given each day 


gotten or delayed doses 


Cylert 


dosage is once-a-day, given to 
the child at home by the parent 


IV 





Cylert, alone among CNS stimulants used to treat MBD, 
is inherently long-acting, permitting once-daily dosage 


Dosage 
and administration 


Cylert is given as a single oral 
dose each morning. 

The recommended starting 
dose is 37.5 mg. per day. This 
daily dosage should be grad- 
ually increased at one-week 
intervals using increments of 
18.75 mg. until the desired 
clinical response is obtained. 

The mean daily effective 
dose ranges from 56.25 to 


75 mg. per day. The maximum 
recommended daily dose of 
Cylert is 112.5 mg. 

Using the recommended 
schedule of dose titration, 
significant benefits may not be 
seen until the third or fourth 
week of drug therapy. Side 
effects may be seen prior to 
optimum clinical results. 


When not to use Cylert 


Cylert should not be used for 
(and will not be effective in) 


simple cases of overactivity in 
school age children. 

Neither should it be used in 
the child who exhibits symp- 
toms secondary to environ- 
mental factors and/or primary 
psychiatric disorders, including 
psychosis. 

The physician should rely on 
a complete history of the child 
and a thorough description of 
symptoms from both parents 
and teacher before postula- = 
ting a diagnosis of MBD. c) we 


New dosage form available! 





Cylert 


~“(Remoline @ 


Prescribing Information 


Description: Cylert (pemoline) is a 
white, tasteless, odorless powder which is 
relatively insoluble (less than 1 mg/ ml) 
in water, chloroform, ether, acetone, 

and benzene. In 95% ethyl alcohol, the 
solubility of pemoline is 2.2 mg/ml. 


Actions: Cylert (pemoline) is a central 
nervous system stimulant. The pharma- 
cologic activity of pemoline is similar to 
that of other known stimulants but with 
minimal sympathomimetic effects. 
Pemoline is structurally dissimilar from 
the amphetamines and methylphenidate. 
Although the exact mode of pharmaco- 
dynamic action is undetermined in man, 
pemoline has been reported to increase the 
rate of synthesis of dopamine in rat brain. 

In human subjects, Cylert produces peak 
blood levels within 2-4 hours. The serum 
half-life is approximately 12 hours. Mul- 
tiple dose studies in adults at several dose 
levels indicate that serum levels plateau in 
approximately three days. Cylert and its 
metabolites are primarily excreted by the 
kidneys with approximately 75% of an 
oral dose appearing in the urine within a 
24-hour period. Approximately 43% of 
pemoline is excreted unchanged. Metabo- 
lites include pemoline dione, conjugated 
pemoline and mandelic acid. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain dys- 
function. Using the recommended sched- 
ule of dosage titration, significant clinical 
benefit may not be evident until the third 
or fourth week of drug administration. 


indications: MINIMAL BRAIN DYS- 
FUNCTION IN CHILDREN~as adjunc- 
tive therapy to other remedial measures 
(psychological, educational, social). 


Special Diagnostic Considerations: 
Specific etiology of minimal brain dysfunc- 
tion (MBD) is unknown, and there is no 
single diagnostic test. Adequate diagnosis 
includes the use not only of medical but of 
psychological, educational, and social 
resources. 

Characteristics commonly reported 
include: A chronic history of moderate to 
severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) neuro- 
logical signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based 
upon a complete history and evaluation of 
the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational place- 
ment is essential and psychosocial interven- 
tion is generally necessary. When these 
measures alone are insufficient, the decision 
to prescribe stimulant medication will 
depend upon the physician’s assessment of 
the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 


we Canandary ta enviranmental factors and/or 


Cylert Chewable Tablets 


37.5 mg. 


primary psychiatric disorders, including 
psychosis. 


Contraindication: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the 
drug. (See PRECAUTIONS) 


Warnings: Cylert is not recommended 
for children under six years of age since 
safety and efficacy in this age group have 
not yet been established. 

Since Cylert (pemoline) and its metabo- 
lites are excreted primarily by the kidneys, 
caution should be observed in administer- 
ing the drug to children with significantly 
impaired renal function. 

Sufficient data on safety and efficacy of 
Cylert administration for periods beyond 
two years duration in children with minimal 
brain dysfunction are not yet available. 
Although a definite causal relationship 
has not been established, some temporary 
suppression of predicted growth pattern(i.e., 
weight and/or height) has been reported 
with the long-term use of stimulants in 
children. Therefore, patients requiring long- 
term therapy should be carefully monitored. 





Drug Interactions: Interactions be- 
tween Cylert and other drugs have not 
been studied in humans. As with most 
other drugs, concurrent administration 
with other agents, especially drugs with 
central nervous system activity, should be 
carefully monitored. 


Usage in Pregnancy: Safety for use in 
pregnancy has not been established. Stan- 
dard studies of fertility,teratology and repro- 
duction were conducted in rats and rabbits. 
Daily oral doses of pemoline of 18.75 

and 37.5 mg/kg beginning at conception 
produced no abnormalities in the fetuses 
and did not affect viability at birth. Further 
studies using similar dose levels with drug 
administration beginning 14 days before 
conception demonstrated an increased 
incidence of stillbirths in these animals. 


Drug Dependence: Studies of the 

drug abuse potential of Cylert (pemoline) 
in primates have not demonstrated a 
potential for self-administration. However, 
the pharmacologic similarities between 
Cylert and other CNS stimulants with 
known abuse liability suggest that drug 
dependence of the stimulant type might 
occur. There have been isolated reports of 
transient psychotic symptoms in adults 
following long-term misuse of pemoline 
taken orally in excessive quantities. There- 
fore, caution should be observed in emo- 
tionally unstable patients considered to 
have a psychological potential for drug 
dependence. 


Precautions: Delayed hypersensitivity 
reactions involving the liver have been 
reported in 1-2% of the patients receiving 
Cylert usually after several months of 
therapy. No clinical symptomatology has 
been observed, but mild to moderate 


increases in transaminase (SGOT and 
SGPT) levels have occurred in these 

cases. These effects appear to be com- 
pletely reversible when drug treatment is 
discontinued. Transaminase levels should 
be determined periodically during therapy 
with Cylert to detect any such reactions. 


Adverse Reactions: The most fre- 
quently reported adverse reaction with 
Cylert is insomnia. Insomnia has been 
observed prior to optimum therapeutic 
response and in the majority of cases was 
transient in nature or responded to dosage 
reduction. Anorexia with weight loss during 
the first few weeks of therapy has also been 
reported. With continuing therapy, a re- 
turn to a normal weight curve usually 
occurred within three to six months. Other 
adverse reactions reported include stomach- 
ache, skin rash, irritability, mild depression, 
nausea, dizziness, headache, drowsiness, 
and hallucinations. Mild adverse reactions 
appearing early in treatment often remit 
with continuing therapy. If adverse 
reactions are of a significant or protracted 
nature, dosage reduction or discontinua- 
tion should be considered. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. The recommended 
starting dose is 37.5 mg per day. This daily 
dosage should be gradually increased at 
one week intervals using increments of 
18.75 mg until the desired clinical response 
is obtained. The mean daily effective dose 
ranges from 56.25 to 75 mg per day. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administra- 
tion should be interrupted occasionally to 
determine if behavioral symptoms sufficient 
to require continuing therapy recur. 


Overdosage: Cylert overdosage has 
been reported to produce symptoms of 
tachycardia, hallucinations, agitation, or 
restlessness. The treatment of acute massive 
overdosage with pemoline is essentially the 
same as that for overdosage with any drug 
having CNS stimulatory effects. Manage- 
ment is largely symptomatic and may 
include induction of emesis, gastric 

lavage or other measures as appropriate. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles 
of 100 (NDC 0074-6073-13) 

New Dosage Form: 
Cylert Chewable Tablets 37.5 mg. 


(orange-colored, grooved) in bottles c) 
of 100 (NDC 0074-6088-13) 
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VESTIBULO-OCULOMOTOR CONFERENCE 






Presented by 






UNIVERSITY OF TORONTO, 
FACULTY OF MEDICINE 
DEPARTMENT OF OTOLARYNGOLOGY 







March 14-16, 1977 






THEMES: 1. Head and Neck Injury, Vestibular Sequelae. 
Schneider, Ommaya, Snow, Glasscock. Bar- 
nett, etc. 

2. Current State of Vestibulo-oculomotor Knowl- 


edge, Practical Application 


Robinson, Baker, Miles, Schwartz, Mellville- 
Jones, Baloh, Kornhuber, Fredrickson, 
Sharpe, etc. 

3. Recent Advances in Vestibular Testing; Clin- 
ical Cases. 


Barber, Black, McClure, Money, Proctor, etc. 












FOR FURTHER INFORMATION, CONTACT: 
Office of Continuing Medical Education 

University of Toronto, Faculty of Medicine, 
Medical Sciences Building, 
Toronto, Ontario, M5S 1A8 










For the part-time occupational physician... 


An invaluable 
quick reference 
guide to 
occupational 


dermatoses 


The AMA’s new guide, 
Occupational Dermatoses 
is an invaluable aid for 
physicians working part- 
time in occupational health 
programs. 

It provides a ready 
reference for specific in- 
formation on the causes, 
diagnosis, prevention, and 
treatment of occupational 
skin diseases. It also 
discusses management of 
prolonged and recurrent 
dermatoses, medico-legal 
aspects, and provides 
extensive references. 

To order your copy 
($1 ea.) of Occupational 
Dermatoses, OP-108, write: 
Order Dept., American 
Medical Association, 535 N. 
Dearborn St., Chicago, 

Ill. 60610. 
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GRINKER’S NEUROLOGY (7th Ed.) by Nicholas A. Vick, | 
Northwestern Univ. School of Medicine, Evanston, Illinois. 
This new Seventh Edition of the classic Grinker’s Neurology 
has been extensively revised and updated to reflect changes in 
thinking about many disorders of the nervous system. Several 
chapters are entirely new; many others have been drastically 
rewritten. Topics previously covered in chapters entitled Meta- 
bolic and Degenerative have been integrated into the text and 
organized around the standard anatomic subdivisions of the 
nervous system and pathophysiologic disease groupings. More 
than 1000 new references have been added to guide the reader 
to clinical papers and to provide access to the literature dealing 
with the newly discovered structural and biochemical aspects 
of neurological illness. Numerous new illustrations have also 
been added, further reinforcing the anatomic and neuropatho- 
logical bias of the book. ’76, 1104 pp. (6 3/8 x 9 5/8), 472 il, 
29 tables, $43.50 


AN ATLAS OF POLYTOME PNEUMOGRAPHY by Taher 
El Gammal and Marshall B. Allen, Jr., both Of Medical 
College of Georgia, Augusta. Assisted by Paul Dyken. This 
atlas presents a large number of studies which supplement 
the study of normal anatomy of the cerebrospinal fluid 
pathways and provide comparison for the identification of 
abnormal structures. Concentration is on the findings of 
polytome pneumography but, where possible, correlations 
are made with angiography, positive contrast ventriculog- 
raphy, and CAT examinations. Relative values of these 
different examinations are demonstrated. Topics include 
normal CSF pathways, atrophy, hydrocephalus, intrasellar 
subarachnoid recess—sellar and suprasellar lesions, and meta- 
sellar mass lesions—herniations. 76, 480 pp. (8 1/2 x 11), 
729 il., $39.50 


WAVEFORM ANALYSIS IN MEDICINE: An Introduction 
by R. David Petersen, Atlanta, Georgia, and Grant G. Myers, 
Univ. of Nebraska, Lincoln. The how-to-do-it approach of 
this book will help to bridge the vocabulary gap between the 
engineer and the physician. Examples of waveform analysis 
are presented from the hospital, clinic and laboratory. 
Mathematical proofs are supplanted by easy-to-understand 
diagrams. Topics include instrumentation, power spectral 
density of waveforms, the use of the analog computer in 
deriving mathematical equations for given waveshapes, and 
the use of calculus in waveform analysis. ’76, 308 pp., 121 
il., 10 tables, $24.75 


ELECTRONYSTAGMOGRAPHY: Technical Aspects and 
Atlas by Joseph U. Toglia, Temple Univ. Health Services 
Center, Philadelphia. The first portion of this book covers 
the history of nystagmography, technical aspects of electro- 
nystagmography, vestibular tests used by neurologists and 
ENG laboratories, guidelines for ENG interpretation, and 
clinical and ENG evaluation of spontaneous and induced 
nystagmus. The second half is composed of two atlases: the 
first illustrates the technical aspects; the second is divided 
into three sections showing ENG records pertinent to the 
fields of neurology, otology and ophthalmology. ’76, 168 © 
pp., 89 il., 3 tables, $13.50 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 





SPRINGFIELD -ILLINOIS - 62717 
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TABLETS: 0.5 mg, 1 mg, 2 mg INJECTION: 1.0 mg/ml 


COGENTIN 


(BENZTROPINE MESYLATE| MSD) 


highly effective against 
phenothiazine-induced 
extrapyramidal symptoms 


(except tardive dyskinesia) 


often permits needed chemotherapy to continue by controlling 
drug-induced extrapyramidal manifestations such as: tremor, akathisia, 
motor restlessness, muscular rigidity, drooling, dystonic reactions. 


In some patients, however, the phenothiazine dosage may have to be 
reduced or discontinued. After one or two weeks, COGENTIN 
should be withdrawn to determine the continued need for it. 


When given concomitantly with phenothiazines or other drugs with 
anticholinergic activity, patients should be advised to report 
gastrointestinal complaints promptly; paralytic ileus, sometimes 
fatal, has occurred in patients taking anticholinergic-type 
antiparkinsonism drugs, including COGENTIN, in combination 
with phenothiazines and/or tricyclic antidepressants. 


Contraindications: Children under three years of age; use cautiously in older children. 


Warnings: Safe use in pregnancy not established. May impair mental and/or physical abilities required 
for performance of hazardous tasks, such as operating machinery or driving a motor vehicle. When given 
concomitantly with phenothiazines or other drugs with anticholinergic activity, patients should be ad- 
vised to report gastrointestinal complaints promptly; paralytic ileus, sometimes fatal, has occurred in pa- 
tients taking anticholinergic-type antiparkinsonism drugs, including COGENTIN, in combination with 
phenothiazines and/or tricyclic antidepressants. 


Precautions: Because of cumulative action, continued supervision is advisable. Closely observe patients 
with tendencies to tachycardia and those with prostatic hypertrophy. Dysuria may occur, but rarely 
becomes a problem. Large doses may cause complaints of weakness and inability to move particular 
muscle groups, requiring dosage adjustment. 


Mental confusion and excitement may occur with large doses, or in susceptible patients: visual hallucina- 
tions reported occasionally. May intensify mental symptoms when used to treat extrapyramidal disorders 
due to neuroleptic drugs (e.g., phenothiazines) in patients with mental disorders; in such patients, increased 
doses of antiparkinsonian drugs can precipitate toxic psychosis; observe patients carefully, especially at the 
beginning of treatment or if dosage is increased. Tardive dyskinesia may appear in some patients on long- 
term therapy with phenothiazines and related agents, or may occur after therapy with these drugs has been 
discontinued; antiparkinsonism agents do not alleviate symptoms of tardive dyskinesia, and in some in- 
stances may aggravate them. COGENTIN is not recommended in tardive dyskinesia. 

May produce anhidrosis; give with caution during hot weather, especially to the old, the chronically ill, 
the alcoholic, those who have central nervous system disease, those who do manual labor in a hot en- 
vironment, and those with disturbances in sweating. If anhidrosis appears, reduce dosage so that ability 
to maintain body heat equilibrium is not impaired. Occurrence of glaucoma is a possibility: probably 
should not be used in angle-closure glaucoma. 


Adverse Reactions: Adverse reactions may be anticholinergic or antihistaminic. Dry mouth, blurred vi- 
sion, Nausea, nervousness may develop. If dry mouth causes difficulty in swallowing or speaking, or loss 
of appetite and weight, reduce dosage, or discontinue drug temporarily. Vomiting occurs infrequently and 
may be controlled by temporary discontinuation, followed by resumption at a lower dosage. Constipation, 
numbness of the fingers, listlessness, and depression may develop. Occasionally, an allergic reaction, 
e.g., skin rash, develops; sometimes this can be controlled by reducing dosage, but occasionally requires 
discontinuation. 

Note: Large doses generally cannot be tolerated by older patients and thin patients. Patients with a poor 
mental outlook are usually poor candidates for therapy. Do not terminate other antiparkinsonism agents 
abruptly; reduce gradually. When benztropine mesylate is used with levodopa the usual dose of each may 
need to be reduced. 

How Supplied: Tablets in three strengths: 0.5 mg and 1 mg benztropine mesylate in bottles of 100, 2 mg 
benztropine mesylate in bottles of 100 and 1000, and 1 mg and 2 mg in single-unit packages of 100; In- 
jection, in 2-ml ampuls, containing per ml: 1.0 mg benztropine mesylate, 9.0 mg socium chloride, and 


water for injection q.s. MSD 
For more detailed information, consult your MSO representative or see full YR 
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Facts about dosage 
schedules of 
COGENTIN 
(Benztropine Mesylate|MSD) 


In treating extrapyramidal symp- 
toms due to neuroleptic drugs, such 
as phenothiazines and butyro- 
phenones, the recommended dosage 
of COGENTIN is 1 to 4 mg once or 
twice a day orally or parenterally. 
Dosage must be individualized 
according to the need of the patient. 
Some patients require more than 
recommended; others do not need 
as much. The tablet form should 

be used when patients are able to 
take oral medication. 


When extrapyramidal symptoms 
develop soon after initiation of 
treatment with neuroleptic drugs, 
they are likely to be transient. One to 
2 mg COGENTIN orally two or three 
times a day usually provides relief 
within one or two days. After one 

or two weeks, COGENTIN should 

be withdrawn to determine the 
continued need for it. If symptoms 
recur, COGENTIN can be 
reinstituted. 

Certain extrapyramidal disorders 
that develop slowly may not respond 
to COGENTIN. COGENTIN is not 
recommended in tardive dyskinesia. 
For more detailed information, 

see full prescribing information. 
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Headaches and associated symptoms rank among today’s 
most common causes of human distress. One American in 
15 suffers, at least occasionally, from debilitating headache 
pain. Countless others experience distinct unpleasantness. 
Physicians and health professionals, consequently, must 
often respond to such problems in their practice. This new 
BMA series is specifically designed to facilitate such 
responses, providing practical information about the latest 
diagnostic and treatment techniques. Edited by the director 
of one of the nation’s largest, most successful headache 
treatment facilities, each presentation is authored by a 
leading practitioner or clinical team with special expertise 
on the topic. The first six releases in this series include: 


PROPER SELECTION OF HEADACHE PATIENTS FOR 
BIOFEEDBACK and APPLICATION OF BIOFEEDBACK 
TO HEADACHE PATIENTS 

both by Seymour Diamond, M.D. 

(Cat. # T10, Two Cassettes, $19.90) 

THERMAL BIOFEEDBACK IN MIGRAINE HEADACHE 
TREATMENT: THE MENNINGER FOUNDATION 
STUDIES 

by Joseph D. Sargent, M.D. (Cat. # T39, $9.95) 

RECENT ADVANCES IN PHARMACOLOGICAL 
TREATMENT OF MIGRAINE AND PSYCHOGENIC 
HEADACHES 

by Jose L. Medina, M.D. and Seymour Diamond, M.D. 
(Cat. # T71, $9.95) 


CLUSTER HEADACHE: DIAGNOSIS AND TREATMENT 
by Lee Kudrow, M.D. (Cat. # T72, $9.95) 

EVALUATING PLACEBO AND OTHER EFFECTS IN 
BIOFEEDBACK HEADACHE TREATMENT 

by Ian Wickramasekera, Ph.D. (Cat. # T73, $9.95) 

Cat. # HM 1 (6 cassettes in folio with selected bibliography ), 
$55.00. Individual programs available as priced. 


CONTINUING MEDICAL EDUCATION CREDITS 
BioMonitoring Applications, Inc. certifies that this 
continuing medical education offering meets the criteria 
for 6 hours of credit in Category 5 (a) for the Physician’s 
Recognition Award of the American Medical Association. 


BioMonitoring Applications, Inc. Dept. Dept. N1 
270 Madison, New York, N.Y. 10016 (212) 258-2724 
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Editorial 


A Note From the Editor 


(Certain modifications in editorial policy and philosophy have resulted in change in the 
format of the ARCHIVES OF NEUROLOGY. 

A significant addition is the newly designated SECTION ON CHILD NEUROLOGY. This 
section has been created in response to the expanding number of child neurologists and 
recognizes the productivity and advances of this subspecialty. The frequency and size of 
the section will depend on the availability of accepted manuscripts. 

The traditional ORIGINAL CONTRIBUTIONS may include single case reports that are of 
especial and timely interest, with concise, insightful reviews and useful bibliographies. 
Material more limited in scope and at the same time trenchant and on the point, whether 
case reports, laboratory observations, or clinical comments, will be published in a newly 
consolidated section to be called BRIEF COMMUNICATIONS AND CLINICAL NOTES. Communica- 
tions related to problems of the practitioner may appear here as well as in LETTERS TO THE 
EDITOR. Papers accepted for this section, while subject to the usual review, will benefit 
from more rapid publication. 

LETTERS TO THE EDITOR will hopefully represent the broad field of problems and 
matters of interest to both academic and practicing neurologists, neurosurgeons, and 
those in cognate fields. Comments about published papers with author’s reply will be 
welcome, but may be subject to editorial abbreviation. They should be designated “For 
publication” and should be only briefly referenced. Readers are encouraged to express 
their opinions either informally to the Editor or by way of a publishable letter. 

Special articles in the nature of review and interpretation authored by the Editors and 
others will appear as available. 

The current expanded potential for expression within neurology and among its related 
fields should be seen as an opportunity to engage both innovation and expansion of older 
forms. This the ARCHIVEs will strive to promote. 

MAURICE W. VAN ALLEN, MD 
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Superior Sagittal Sinus Thrombosis 


Dennis M. Gettelfinger, MD, Emre Kokmen, MD 


è Seven patients had superior sagittal 
sinus thrombosis diagnosed by cerebral 
arteriography. We recommend that anti- 
coagulants not be used in the therapy of 
this entity, but rather that one should rely 
on antiedematous agents and anticonvul- 
sants. 

(Arch Neurol 34:2-6, 1977) 


a in 1888 recognized aseptic 
intracranial venous thrombosis 
and suggested its association with 
pregnancy, marasmus, and cachectic 
conditions. We present seven cases of 
superior sagittal sinus (SSS) throm- 
bosis in adults unrelated to intra- 
cranial infection or neoplasm in whom 
the diagnosis was made antemortem. 


REPORT OF CASES 


Case 1.—A 27-year-old woman, gravida 2, 
para 1, was admitted to hospital with pain 
in her left calf five days before delivering a 
normal infant. Thrombophlebitis was diag- 
nosed. Findings from coagulation studies 
were platelets, 300,000/cu mm; prothrom- 
bin time, 10.7 seconds (100%), thrombin 
time, 7.9 seconds (control, 8.3); and fibrin- 
ogen, 435 mg/100 ml. She was given 
heparin sodium, 5,000 units subcutaneously 
every eight hours, with improvement. 
Delivery was normal. Two days postpar- 
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tum, she complained of severe bifrontal 
and left temporal headache and photopho- 
bia. Findings from neurologic examination 
were normal. The headache lessened with 
analgesics. Five days postpartum, she was 
discharged, receiving heparin sodium, 
8,000 units subcutaneously every 12 hours. 
Two days later, she was readmitted with 
worsening headache, nausea, vomiting, 
and unsteadiness of gait. Findings from 
physical examination were normal. He- 
moglobin level was 13.5 gm/100 ml; hemat- 
ocrit reading, 40%; WBC count, 10,300/cu 
mm; platelet count, 41,000/cu mm; pro- 
thrombin time, 81%; thrombin time, 9.6 
seconds; and partial thromboplastin time, 
35.5 seconds. Opening pressure on lumbar 
puncture was 170 mm of CSF, and the 
protein level was 38 mg/100 ml. There were 
1,380 RBCs per cubic millimeter in tube 1 
and 936 RBCs per cubic millimeter in tube 
4. Heparin-induced thrombocytopenia was 
suspected; consequently, heparin was dis- 
continued. Four days later, the platelet 
count was 115,000/cu mm, and findings 
from coagulation studies were normal. A 
brain scan was normal. An EEG was 
moderately abnormal, with diffuse slowing 
and theta and delta bursts with a left-sided 
gradient. She continued to complain of 
headache and was intermittently confused. 
Four days after admission, the opening 
pressure on lumbar puncture was 270 mm 
of CSF; protein level, 43 mg/100 ml; and 
RBC count, 2/cu mm. Dexamethasone, 4 
mg intramuscularly every six hours, was 
begun. On the eighth day of hospitaliza- 
tion, cerebral arteriography disclosed ex- 
tensive thrombosis of deep and superficial 
veins bilaterally, with occlusion of almost 
the entire SSS, left transverse sinus, left 
internal jugular vein, the proximal portion 


of the right transverse sinus, the straight 
sinus, and the vein of Galen (Fig 1). On the 
ninth day, dexamethasone was increased to 
6 mg intramuscularly every six hours, and 
phenytoin was begun prophylactically. Ex- 
amination disclosed early papilledema, 
drift of the outstretched left arm, and 
bilateral extensor plantar reflexes. The 
platelet count was 205,000/cu mm; and 
fibrinogen level, 235 mg/100 ml. Heparin 
sodium was begun, 5,000 units every six 
hours by continuous intravenous infusion. 
The next day, the platelet count was 
72,000/cu mm, and the fibrinogen level was 
185 mg/100 ml. She was given 1.8 million 
units of urokinase intravenously in 30 
minutes. A hematoma developed over a 
femoral artery puncture site, and blood 
oozed from antecubital venipuncture sites. 
Four hours later, the platelet count was 
69,000/cu mm, and fibrinogen level was 
less than 45 mg/100 ml. Eight hours after 
the first dose, another 0.9 million units of 
urokinase were given. One hour later, she 
developed incoherent speech, a right hemi- 
paresis, a dilated left pupil, and labored 
respirations. Ventilatory assistance was 
begun, and she was given 6-aminolevulinic 
acid, fibrinogen, platelet concentrate, man- 
nitol, and dexamethasone. Another left 
carotid arteriogram disclosed a large avas- 
cular left cerebral mass (Fig 2). She was 
given supportive treatment, but her condi- 
tion worsened, and she died six days 
later. 

Autopsy disclosed extensive thrombosis 
in the SSS and both transverse sinuses as 
well as in meningeal and cerebral veins. A 
large infarction was present in the right 
parietal area, and a swollen infarction was 
in the right occipital lobe. The left hemi- 
sphere contained a massive recent hemor- 
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rhage in the internal capsule. The ventri- 
cles contained bloody fluid. 

Case 2.—A 33-year-old woman, with a 
diagnosis of paroxysmal nocturnal hemo- 
globinuria, had been followed up for six 
years. She had been hospitalized several 
times for anemia, hematuria, infections, 
and thrombophlebitis of the lower extrem- 
ities. Three days after being discharged, 
receiving heparin subcutaneously for pel- 
vic vein thrombosis, she was readmitted 
for abdominal pain diagnosed as endome- 
tritis. She was given antibiotics, while 
heparin was continued, with resolution of 
symptoms except for headache. Two days 
later, she was found unconscious, with a 
right hemiparesis and nonreactive pupils. 
Arteriography demonstrated a large avas- 
cular left temporoparietal mass with multi- 
ple arterial occlusions near the mass and 
occlusion of the SSS, both transverse 
sinuses, and left sigmoid sinus. Extensive 
collateral venous flow was present. After 
left temporal craniotomy, massive brain 
swelling, and a large intracerebral hema- 
toma were found. The patient died in the 
recovery room. The arteriographic and 
surgical findings were confirmed at autop- 
sy. 

Case 3.—A 25-year-old woman, gravida 3, 
para 3, had been taking oral contraceptives 
for three years. She developed persistent 
right-sided head pain and left hemiparesis 
for two days. On admission, bilateral papil- 
ledema was noted. She had a generalized 
seizure during which the eyes and head 
turned to her left. Arteriography showed 
complete occlusion of the SSS from the 
coronal suture to the torcular, with throm- 
bosis of the right parietal cortical veins. 
She was given continuous heparin and 
dexamethasone therapy intravenously. 
Subsequently, this was changed to heparin 
administered subcutaneously and then 
warfarin sodium. Two months later, she 
was asymptomatic, and findings from 
physical examination were normal. 

Case 4.—An obese 23-year-old woman 
had been taking oral contraceptives for 
two years. She developed severe bifrontal 
headaches and had several generalized 
seizures. Examination showed confusion, 
lethargy, and bilateral extensor plantar 
reflexes. On lumbar puncture, opening 
pressure was 490 mm of CSF; protein level, 
59 mg/100 ml; RBC count, 13,600/cu mm in 
tube 1 and 11,000/cu mm in tube 4. Cere- 
bral arteriography showed no visualization 
of the SSS, and the cortical veins drained 
away from the cortex. She was treated 
with anticonvulsants, dexamethasone, and 
glycerin, 2 gm/kg/day. Her symptoms 
gradually improved, although she devel- 
opec mild papilledema and continued to 
have elevated CSF pressure. Medications 
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were gradually stopped. One year later, she 
had no symptoms, and findings from 
neurologic examination were normal. 

Case 5.—A 19-year-old woman taking 
oral contraceptives for four months devel- 
oped throbbing bifrontal headache with 
nausea and vomiting. The mental status 
and findings from neurologic examina- 
tions were normal, except for weakness of 
the right lateral rectus muscle. Nuclear 
brain scan demonstrated a parasagittal 
increase in uptake in the anterior view. 
Electroencephalogram was mildly abnor- 
mal, with generalized slowing and diffuse 
delta activity. On lumbar puncture, open- 
ing pressure was 450 mm of CSF; RBC 
count, 3/cu mm; WBC count, 2/cu mm; and 
protein level, 388 mg/100 ml. The impres- 
sion of SSS thrombosis was confirmed with 
angiography. She was given glycerin and 
dexamethasone orally, with lessening of 
headache and lateral rectus weakness. 
Dexamethasone treatment was tapered on 
an outpatient basis. She was readmitted 
ten months later because headache recur- 
red. Lumbar puncture showed an opening 
pressure of 290 mm of CSF. Cerebral 
angiography was normal. Glycerin given 
orally relieved her headache in 24 hours 
and was discontinued. Four days later, the 
CSF pressure was 110 mm. Ten weeks 
later, she was symptom-free, and findings 
from neurologic examination were nor- 
mal. 

Case 6.—A 20-year-old woman developed 
severe headache and confusion 12 hours 
after the birth of her first child. Cerebral 
angiography elsewhere was interpreted as 
normal. After ventriculography, pseudo- 
tumor cerebri was diagnosed and treated 
with corticosteroids administered orally. 
She was seen by us seven months later 
because of generalized headaches that 
persisted. On lumbar puncture, opening 
pressure was 270 mm of CSF; WBC count, 
2/cu mm; and protein level, 18 mg/100 ml. 
Cerebral angiography demonstrated occlu- 
sion of the SSS and the right internal 
cerebral vein. She was given dexametha- 
sone, with improvement of headache and 
return of CSF pressure to normal; dexa- 
methasone therapy was then tapered. 
Three months later, she again had a dull 
headache. Fundus examination showed 
absent venous pulsations, but no papilled- 
ema. No treatment was initiated. One 
month later, she felt well, and findings 
from fundus examination were normal. 

Case 7.—A 35-year-old woman had an 
eight-week history of painful extensor 
spasms of the lower extremities. Examina- 
tion disclosed bilateral extensor plantar 
reflexes. Nuclear brain scan and EEG were 
normal. During hospitalization, she experi- 
enced a right-sided focal motor seizure that 


became generalized. At that time, her 
temperature was 40 C. Lumbar puncture 
disclosed an opening pressure of 90 mm of 
CSF; RBC count, 2,050/eu mm; mononu- 
clear WBC count, 43/cu mm; and protein 
level, 31 mg/100 ml. Despite treatment 
with anticonvulsants, she had seven similar 
seizures over 24 hours. Cerebral angiog- 
raphy showed occlusion of the anterior two 
thirds of the SSS and probable occlusion of 
several left frontal and anterior parietal 
cortical veins. She was treated with dexa- 
methasone, penicillin, and methicillin sodi- 
um. A mild right hemiparesis cleared over 
several days. Lumbar puncture 13 days 
later showed an opening pressure of 150 
mm of CSF; RBC count, 39/cu mm; mono- 
nuclear WBC count, 11/cu mm; protein 
level, 45 mg/100 ml. Dexamethasone was 
stopped, but two months after discharge 
she was unsteady on her feet and tired 


easily. Four years later, findings from 


examination were normal. 


COMMENT 


The incidence of SSS thrombosis is 
difficult to determine. Most. de- 


scriptions are of sporadic cases. Ina _ 


study of 182 consecutive autopsies in a 
chronic care facility, 17 (9%) demon- 
strated dural sinus thrombosis.? In a 
series of 1,396 autopsies over five 


years, there were 21 cases of SSS — 


thrombosis.” Several large series sug- 
gest an incidence during pregnancy 
and the puerperium of about one in 
every 2,500 pregnancies.’ 

Detailed pathologic studies are de- 
scribed by Kalbag and Woolf? in their 
extensive monograph. The SSS is 
occluded by thrombus, either partially 
or along its entire length. Other dural 
sinuses may also be occluded, and, 
typically, cortical veins draining into 
the thrombosed area are also throm- 
bosed. The walls of the sinus may be 
necrotic. Red blood cells may leak into 
brain and CSF. Cerebral infarctions, 
often hemorrhagic, are common, 
usually corresponding to areas of 
cortical vein thrombosis. Evidence of 
severe cerebral edema is usual. Intra- 
cerebral and subdural hematomas are 
rare, except after anticoagulant ther- 
apy. 

Superior sagittal sinus thrombosis 
has been associated with a wide 
variety of clinical entities: trauma,’ 
pregnancy," puerperium,*'''? the 
use of oral contraceptives," dehy- 
dration and cachexia,**" congestive 
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Fig 1.—Case 1. Anteroposterior (top left) and lateral (top right) 
views of right carotid angiogram and anteroposterior (center left) 
and lateral (center right) views of left carotid angiogram obtained 
during venous phase. Note nonopacification of superior sagittal 
(large curved arrow), straight, and transverse sinuses. Sigmoid 
sinuses (open arrows) are patent (although only segmentally on 
left). Right jugular vein (crossed open arrows) is patent; left is 
presumably thrombosed. There is considerable drainage via 
emissary veins into paravertebral plexus (arrowheads). Internal 
cerebral veins (solid arrows) drain primarily by retrograde flow 
through basilar veins (small curved arrows) due to occlusion of 
vein of Galen. On oblique anteroposterior view (bottom left) 
obtained during venous phase of right carotid angiogram with 
cross-compression of the opposite carotid artery demonstrates to 
best advantage complete thrombosis of superior sagittal sinus 
from its anterior aspect (A) to torcular Herophili (T). Vertebral 
angiography (not shown) also demonstrated nonopacification of 
the straight and transverse sinuses. 


~*~ 


heart failure,*"' cerebral arterial oc- 
clusions,”* hemolytic anemia," throm- 
bocytopenia,’’ sickle cell trait,2° eryofi- 
brinogenemia,”' paroxysmal nocturnal 
hemoglobinuria,” Budd-Chiari syn- 
drome,’ ulcerative colitis, 2+» dia- 
betes,” and idiopathic disease.*7 1-28 

An association of SSS thrombosis 
with oral contraceptives was first 
noted in 1962. In initial cases, the 
diagnosis was made at autopsy in 
women with unexplained acute neuro- 
logic disease, often with evidence of 
peripheral thrombosis." Subse- 
quently, cases have been reported in 
which specific therapeutic interven- 
tion was attempted."*'":*" This compli- 
cation often occurs early in the course 
of oral contraceptive therapy." 

The clinical features of SSS throm- 
bosis are variable, depending on the 
setting in which it occurs and the 
extent of associated occlusions of 
other cerebral vasculature. The most 
frequent complaint is headache, which 
may be localized to the side of cerebral 
damage. Presumably, headache often 
results from increased intracranial 
pressure. Focal or generalized seizures 
are common and can be the initial 
manifestation. Papilledema frequent- 
ly develops. Focal neurologic deficits, 
such as hemiparesis, may develop. 


Fig 2.—Case 1. Anteroposterior (left) and lateral (ri 
intracerebral mass with associated depression of 


Progressive decrease in consciousness 
and death can occur. 

The pathogenesis of SSS thrombosis 
is undoubtedly variable, depending on 
the clinical setting. It seems reason- 
able that, in most cases, a coagulop- 
athy is contributory. In pregnancy 
and the puerperium, there is increased 
platelet adhesiveness," increase in 
blood-clotting factors VII and X,” 
hyperfibrinogenemia and decreased 
fibrinolysis,” and elevated levels of 
triglycerides, fatty acids, and phos- 
pholipids.*'** In puerperal cerebral 
venous and dural sinus thrombosis, 
there was a notable rise in serum 
lipids and fall in blood fibrinolytic 
activity compared to the already 
altered values in healthy pregnant 
and puerperal women.” In the use of 
oral contraceptive steroids, elevated 
levels of prothrombin, blood-clotting 
factors VII, IX, and X, plasminogen, 
and antifibrinolytic activity begin in a 
few days, and, after six months, 
platelet counts are elevated.**-** In 
congestive heart failure and dehydra- 
tion, hemodynamic factors may be 
important. An anatomieal feature 
may contribute to SSS thrombosis. 
Many trabeculae cross the SSS, and, in 
some cases, a continuous membrane 
divides it for a portion of its 


anterior cerebral artery to right (solid arrows). 





length.**-** Perhaps these cause hemo- 
dynamie alterations predisposing to 
thrombosis. i 

Laboratory studies are essential to 
establish the diagnosis. The spinal 
fluid is often increased in pressure 
and may be bloody. The EEG 
frequently shows diffuse slowing, and 
there may be focal abnormalities that 
are often paroxysmal.’ Radioisotope 
brain seanning has shown increased 
uptake in the parasagittal area and 
may show areas of infarction.” Ven- 
triculography demonstrates normal or 
small ventricles suggesting edema.’ 

The definitive diagnosis of SSS 
thrombosis is made by angiography. 
Frenckner** was the first to demon- 
strate the entity by direct sinography 
of the SSS through a drill hole in the 
skull. Demonstration by arterial injec- 
tion, including the use of oblique 
views, is now the indicated procedure 
in the diagnosis of dural sinus and 
cortical vein occlusions.. 

The natural history and prognosis 
are highly variable. Experience at this 
hospital indicates the clinical course 
can be benign. It is reasonable to 
believe that these are patients in 
whom the diagnosis is not made and 
who have a mild course without treat- 
ment. 


ght) views of left carotid angiogram demonstrate large, avascular frontoparietal 
Sylvian branches of middle cerebral artery (open arrows) and displacement of 
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tomy with survival has been re- 
ported.*” Measures to reduce intra- 


cranial pressure include subtemporal 


decompression," therapeutic lumbar 
puncture," and agents to control 
edema, such as dexamethasone and 
mannitol." Anticonvulsants are 
used when seizures develop.*™ Many 


patient, its use may have been detri- 
mental. l 

The most important therapeutic 
question in this entity is whether or 
not anticoagulants should be used. 
Patients collected from the literature 
cannot be compared in answering this, 
because of variations in underlying 


while receiving other forms of ther- 
apy. We believe that the evidence 
supporting the use of anticoagulants 
is sufficiently inconclusive and the 
risk of untoward complications great 
enough that one should rely on more 
conservative therapy with antiedema- 
tous agents and anticonvulsants. 


= have used antibiotics, even though no clinical conditions, other surgical or ely a i 

3 f : í ; . 3 This investigation was supported in part by 
Sy evidence for infection is present.’ ™ medical treatment, and type and National Institutes of Health grant 5TO1- 
ee Heparin was first used in 1942 to method of administration of anticoag- NS05004-24. 
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treat a case of puerperal SSS thrombo- 
sis.” Since then, the use of anticoagu- 
lants in dural sinus and cerebral vein 


thrombosis has been controversial. 


Some feel they prevent extension of 
thrombosis,*'''*'’ while others believe 
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ulants. In our series, two of the three 
patients receiving anticoagulants died 
of hemorrhagic intracranial complica- 
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Acetylcholine Receptor Protein 


Neuromuscular Transmission in Immunized Rabbits 


Dan Elmgvist, MD; Christer Mattsson, PhD; Edith Heilbronn, PhD; Håkan Lundh, MD; Rolf Libelius, MD 


è Rabbits injected with purified acetyl- 
choline (ACh) receptor protein produce 
antibodies against the receptor and devel- 
op generalized muscle weakness. ' The 
compound muscle action potentials show 
a decremental fall in amplitude with repet- 
itive nerve stimulation. Both the weakness 
and the decrement is counteracted. by 
reversible cholinesterase inhibitors. intra- 


cellular recordings from muscle end- 


plates show that the amplitude ‘of the 
miniature end-plate potentials is consid- 
erably reduced.. A reduced binding of 
neurotoxin to muscles from immunized 
rabbits was observed. Nerve impulses 
release a normal number of ACh pack- 
ages (quanta) from the motor nerve termi- 
nals. The muscle weakness in Immunized 
rabbits thus has the same features as the 
muscle weakness in myasthenia gravis 
and may be a good animal model of 
myasthenia gravis. 
(Arch Neurol 34:7-11, 1977) 


Tt has been shown previously’ that 
rabbits injected with purified ace- 
tylcholine (ACh) receptor protein ob- 


tained from the electric organ of - 


Torpedo marmorata or Electrophorus 


Accepted for publication June 15, 1976. 

From tke Department of Clinical Neurophysi- 
ology (Dr Elmavist), University Hospital, the 
Department of Pharmacology, University of 
Lund, Lund, Sweden (Drs Lundh and Libelius), 
and the Section of Biochemistry, Nationa! 
Defense Research Institute, Sundbyberg, 
Sweden (Drs Mattsson and Heilbronn). . 

Reprint requests to Department of Clinical 


Neurophysiology, University Hospital, 5-221 85 > 


LUND 5, Sweden (Dr Elmavist). 


Arch Neuro!l—Vol 34, Jan 1977 


electricus produce antibodies against 
this protein and become weak. 

Electromyographic (EMG) exami- 
nation indicated a ‘neuromuscular 
transmission block. The results of the 
previous studies ‘have now been con- 
firmed and the work earried further 
by studying neuromuszular transmis- 
sion in vitro with intracellular elec- 
trodes and by estimation’ of the 
number of ACh receptors in muscle, 
using the binding capacity of muscle 
for eager naja toxin. 


a -METHODS X 
Purification. of Receptor Protein, 
Immunization Procedures, and 
Estimation of Antibody Titers 


` The nicotinic acetylcholine receptor pro- 
tein (nAChR) was purifted from the ‘elec- 
tric organ of T marmorata, using biospe- 


cific chromatography on N naja siamensis 


a-neurotoxin covalently -bound to a linear 
polysaccharide that consists of alternating 
residues of D-galactose and 3,6-anhydro-.- 
galactose units. The isolated receptor 
material was shown to be of glycoprotein 


nature.’ Antibodies agcinst nAChR were: 


prepared as follows: 0.5 mg antigen per 
milliliter of .0.1M phosphate buffer pH 
7.5 .0.1% iso-octylphenoxipolyethoxietha- 
nol was mixed with ar. equal amount of 
Freund complete adjuvant. On days 0, 7, 
and 14, Chinchilla rabbits, weighing 1.5 to 2 
kg, received intramuscular injections ‘at 
several spots or. the hind legs. Immediately 
before the animals were killed to remove 
muscle for intracellular recording in vitro, 
5 ml of blood was taker. from the ear vein, 


and the antibody titer was deterniined 
with rocket immunoelectrophoresis. T Elec- 
trophoresis was .run for two: hours. ata 
constant voltage of 10 V/cm in a 1% 
agarose gel-made 4% with respect to the 
antiserum concentration. 


Electrophysiciogical 
Examinations In Vivo: 


‘The compound muscle action T of 
the anterior tibial muscle of thë rabbits 
was recorded by inserting ‘stainless. steel 
needles (0.7-mm diameter over. the belly 
and the tendon of the. anterior tibial 
muscle. Supramaximal nerve stimulation 
(at least 50% above the value for obtaining 


> 


‘a maximal amplitude of the’ compound 


muscle action- potential) was delivered 


` through needles isolated by Teflon, except ’ 


at the tip. The. stimulating cathode was 
placed close to the peroneal- nerve at, the 
knee. joint. The-compound muscle action 
potential was recorded with an electro- 
myograph (frequency résponse 2 to 10,000 
Hz) and a storage oscilloscope, 


xt ft 


Electrophysiological 
Examinations In Vitro 


_ Immediately after the animals were 
killed by a blow on the neck, intercostal 
muscle was removed and dissected -as 
previously deseribed.* The bathing solution 
was bubbled with 95% O, + 5% CO.. About 


1x1 em of muscle between and with 


adjacent ribs:was mounted with the pleural 


‘side upward. The pleura was then removed. 
‘The nerve terminals could usually be seen 


in the dissecting microscope and intracel- 
lular recordings from the end-plate regions 
could be made as previously described for 
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“ 
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human intercostal muscle.: The interéostal , 


nerve could easily be stimulated with a 
cancentric EMG. electrode. When neces- 


sary, ` 
= blocked by tubocurarine or magnesium. 


Estimation of N naja Toxin 
- Binding Capacity of Muscle 


inedia after killing the rabbit, 
intercostal muscles were taken for electro- 
physiological: and .toxin-binding’ experi- 
. . ments. Strips of the internal layer of inter- 
costal muscles with attached tendon were 


‘dissected out. The weight of each muscle’ ` 
‘ preparation varied from about 10.to 20 mg ` 


: wet weight. Silk. ligatures applied to both 
_ tendons made jit possible to mount the 


muscle preparation ona perspex holder for 
subsequent incubation in toxin. The total. 


number of muscle preparations from each 
> animal.is shown in Table 1. Intercostal 
muscles were used instead of the dia- 
phragm because-the size of the intercostal 


d muscle preparations was more suitable for. 


Table 1.—Tritiated N naja: - 
Siamensis Neurotoxin Binding 
e capaci of Rabbit Intercostal ` 
Muscle* 


ae Te : Controls immunized - 


27.4 + 0.7 (24) 506 = 1208y 
24.5 + 0,6 (24) 19.5 + 0.9 (24) 
28.4 + 1.0 (24). 23:9 E TO (18) 
s+. 25.6 £0.7 (24) 
- Total 26.5 + 0.9 EFSER : 


` *Toxin binding expressed as fentomotes per 
milligram wet weight of muscle. Number of ` 


l MAE specimens in cane 


neuromuscular transmission was- 





incubation. Moreover, a better correlation 


- to the electrophysiological results was 
| possible. Incubation with tritiated N naja 


siamensis 3 neurotoxin : (T,, 2.6 Ci/milli- 


-mole) 5- ug/ml in an oxygenated bathing 


solution? was made for 30 minutes at +4 C. 


` These. incubation conditions will give a. 
l satùrateä toxin binding , and. minimize - 
_ unspecific binding." After incubation 
the ‘preparations were washed in Oxygen- 


ated toxin-free solution for four times each 


for one hour. at +4 C. The muscles were 


then blotted and dried on.filter paper and 


weighed and solubilized in 0.75 ml Soluerie- 
> TM-100. Radioactivity was measured by 


liquid scintillation counting. An ‘internal 
standard with tritiated toulene. was cor- 


related to automatic external standardiza- ` 


tion to give counting efficiency about 28%) 
for each sampe, l 


RESULTS 
- Clinical Findings : 


if 


Of the 36 rabbits immunized ae, 


cording to the. described method, 36 
rabbits showed signs: of progressive 


‘muscle weakness after the third injec- 


tion.’ ‘The animals. were unable _to 


“support their body and often had . 
difficulties raising their head’ and ` 


eating. Breathing difficulties devel- 


‘oped. The’ weakness- usually became 
_ prominent, and if the rabbits were. not 


killed, they often died from respira- 


‘tory paralysis. Cholinesterase inhibi- 
- tors usually produced a marked effect: 
The-breathing was improved, and the 


rabbits started to move and to eat. 


Fig.1 S Gbimpaini muscle action Goronda acorda from thé auieror ‘tibial masce of 
immunized rabbit. with subcutaneous stainless steel needie electrodes in response to 
. repetitive supramaximal stimulation of peronea nerve at knee - joint with Gehan 


stimulation, frequencies. | 
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Antibody. Titers 


. Using rocket immungelectrophore- 
sis, antibodies against the receptor : 
protein could be‘detected in the serum 
some days after the second injection. 
No visible’ symptoms: of muscle weak- 
ness in the rabbits could be seen at 
that time. The three rabbits examined 


_in this experiment were killed five 


days after the third injection. None of 
the rabbits exhibited breathing diffi- 


culties. The final antibody titers iù the 


examined rabbits were 11.8, and 11 


mg/ ml.. 


Electrophysiological 
Findings In Vivo be 


When the peroneal-nerve was stim- 


` ulated with a single stimiili, the ampli- 
. tude of the compound muscle action ‘ 


potential of the anterior tibial muscle 
was within the rdnge seen in normal. | 


rabbits (10 to 15 mV). With short’. 


trains of repetitive nerve stimulation 
at 2, 4; 10, and 20 Hz, a decline in the. 
amplitude of the ‘compound. muscle - 
action’ potential was seen in immu- 
nized rabbits (Fig 1), whereas no such: 
fall was seen in the control animals. 
The fall in amplitude of the compound. 
muséle; action potential varied from: 


15% to:60% in the immunized rabbits . 


(Fig 1 and: 2). A short period ‘of high: . 


frequency nerve stimulation abolished . 
the decrement for 2 to 10 ends (Fig 
2). 


Fig 2.—Compound muscle action poteritial’ 

of anterior tibial muscle of. immunized ~ 
rabbit. Nerve was stimulated with four 
impulses at 4/s before, 2s, 10 s and 20 s` 
after a conditioning tetanus 20/s for 10s. 

at arrow. Note that decrement is less ` 
pronounced for a shart period ane the 
conditioning tetanus. : 


. f 2s 10s 20s: 
| “20/8 x10s - 
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Fig 3.—Compound muscle action potential of anterior tibial muscle of immunized rabbit. 
Peroneal nerve was stimulated with four impulses at 4/s every 30 s sight times before 
intravenous injection of edrophonium (0.2 mg/kg of body weight) and 5 to 8 minutes 
after injection (arrow). Note that decrement disappears for a period after injection. 
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Fig 4.~—Intracellular recording of miniature end-plate potentials from intercostal muscle 
recorded in vitro from end-plate region of two muscle fibers from two immunized rabbits 
and from two control rabbits. Note great difference in amplitude of miniature end-piate 
potentials. RP indicates resting membrane potential (mV). 


Fig 5.—Intracellular recording in vitro of end-plate potentials evoked by nerve stimulation 
5, 10, 20 and 40/s, in intercostal muscle from immunized and control rabbits. Bathing 
solutions contained 10-7 gm/ml (immunizec) and 2- 10-° gm/ml! (control). RP indicates 
resting memoran potential (mV). 






10/8 20/s 


ao u nE T a 


Control 
RP 76 ji mV 
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When edrophenium chloride (Tensi- 
lon) (0.2 mg/kg of body weight) was 
given intravencusly, the decrement 
disappeared (Fig 3). 


Electrophysiological 
Findings In Vitro | 

Resting Membrane Potential. —The 
resting membrane potential of inter- 
costal muscle from immunized rabbits 
(76.9 + 7.9 mV) was not different. . 
from that found in the control rabbits 
(78.2 + 6.8 mV). ` 

Miniature End-Plate Potentials.—In 
most preparations, the motor nerve 
and its branches could easily be 
followed visually and the end-plate 
region of the muscle fibers thus 
located. Intracellular recording from 
the end-plate regions in control prepa- 
rations revealed miniature end-plate 
potentials (MEPP) with an amplitude 
of about 1 mV, whereas the amplitude 
in preparations from immunized rab- 
bits was considerably less, mostly 
around 0.2 mV (Fig 4 and Table 2). 
Often the amplitudes were so low that 
the MEPPs could barely be separated 
from noise. The amplitude as well as 
the frequency of the MEPPs were 
systematically investigated. From 
each rabbit, focal recordings of 
MEPPs from et least 30 fibers were 
obtained, and in each fiber the 
frequency and the amplitude of the 
MEPPs were measured from at least 


Fig 6.—Comparison of amplitude of quan- 
ta] components of the end-plate potentials 
determined statistically (q) and the ampli- 
tude of the miniature end-plate potentials 
at nine end-plates from immunized rabbits 
(closed circles) and. 11 end-plates from 
control animals (open circles). The line 
represents perfect agreement between the 
two values. 





MEPP ampi {mv) 


“y 
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70 individual MEPPs. In some fibers 
from immunized rabbits, no MEPPs 
could be detected above baseline noise 
(0.1 to 0.15 mV) even though nerve 
stimulation gave focal end-plate po- 
tentials (EPP). Unfortunately, the 
preparations twitched so much that a 


` statistical analysis of the quantal . 


components of the EPPs'*" was -not 
possible without any blocking drugs 
present. As is’seen from Fig 4 and 
Table 2, the amplitude of the MEPPs 
from immunized: rabbits was only 
somewhat lower than. in controls, 
probably because the smallest MEPPs 
were lost in the baseline noise. 

End-Plate Potentials.—When the mo- 
tor nerve was stimulated, the muscle 
preparations from immunized and 
control rabbits contracted vigorously. 
- With repetitive nerve stimulation of 
‘immunized preparations the contrac- 
' tions were weaker after the first two 
impulses but still prevented prolonged 
recordings from individual end-plates. 
In many fibers, however, subthreshold 
_ EPPs were recorded even when start- 
ing nerve stimulation, showing that a 
partial neuromuscular block was pres- 
ent. The number of fibers showing 
subthreshold EPPs was increased dur- 
ing- repetitive nerve stimulation and 
in an occasional fiber, an action poten- 
tial was recorded during the first or 
the first few ‘stimuli whereafter 
subthreshold EPPs were recorded. In 
order to record EPPs during pro- 
longed periods of nerve stimulation, it 
was necessary to block neuromuscular 
transmission further with drugs. In 
all preparations from immunized rab- 
bits tubocurarine in a dose of 10-* gm/ 
ml was sufficient to cause a complete 
neuromuscular block within 30 min- 
utes, whereas in~ control rabbits 
2 x 10- gm/ml was necessary. In 34 
fibers from immunized and 36 fibers 
from control rabbits, the number of 
ACh quanta released per nerve im- 
pulse (quantum content, n) was esti- 
mated according tothe methods given 
by Elmqvist and Quastel." The results 
obtained from both immunized and 
control rabbits were similar (Table 2). 
The rate of fall in the amplitude of 
successive EPPs, elicited’ by short 
trains of repetitive nerve stimuli was 
similar in control and immunized 
muscle (Fig 5). 


rd 
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Table 2.—Resting Membrane Potential, MEPP-Frequency and Amplitude, and 
Quantum Content at 1/sec Nerve Stimulation” 


MEPP Frequency 
per second 
2.6.4 2.7 
(1037/3) 
22+ 2.3 
(10173) 


77 £8 
(155/3) 
78 +6 
(144/3) 


Controls 


immunized 


MEPP Amplitude, 


Quantum Content 
mV - at 1/Sec Stimulation 
0.82 + 0.26 85 + 26 
(103/3) (36/3) 
0.20 + 0.17 ` .79 + 21 
(101/3) (34/3) 





“Mean + SD (number of fibers per number of rabbits). 


To compare the amplitude of the 
quantal components of ‘the end-plate 
potentials (quantal size) with MEPP- 
amplitude, neuromuscular transmis- 
sion was blocked with 12 millimoles of 
magnesium ion. Quantum size was 
estimated as described by Elmqvist 
and Quastel.'! The results from ‘nine 
fibers from immunized and ‘11 fibers 
from control rabbits are shown in Fig 
6. | 

A good. correspondence between the 
two methods was observed. In another 
seven fibers, the statistical analysis 
was performed, although no MEPPs 
could be detected, and it gave a 
quantum size that indicated that 
MEPPs of a similar amplitude would 
have been hidden in the baseline 
noise. 


Binding of Tritiated N naja 
Siamensis 3 Neurotoxin 

The results of binding experiments 
from individual rabbits are shown in 
Table 1. The binding of toxin is 
expressed: as fentomoles per. milli- 
gram wet weight of muscle. Binding 
values include both end-plate and non- 
end-plate sites because of practical 
difficulties in isolating the end-plate 
zone in intercostal muscles. In all 
rabbits immunized with. cholinergic 
receptor protein, the binding of toxin 
was reduced compared to untreated 
control rabbits. The average reduction 
of toxin binding was 20% (Table 1). 


COMMENT 
The results confirm further that 
rabbits immunized with ACh receptor 
protein purified from the electric 
organ of T marmorata develop anti- 
bodies against this receptor protein 


and that the animals develop a muscle - 


weakness that is due to a neuromus- 
cular blockade, which responds well, at 
least for a period, to anticholinester- 
ases. The appearance of the tall in 


amplitude of the compound muscle 
action potential with repetitive nerve 
stimulation (decrement) and the re- 
versal of this decrement after a period 
of repetitive nerve stimulation and 
after giving cholinesterase inhibitors 
is similar to what is seen in patients 
with myasthenia gravis.* The further 
analysis of the neuromuscular block- 
ade further strengthens the similarity 
between myasthenic blocks and the 
neuromuscular block in immunized 
rabbits. Just as in myasthenia gravis,’ 
there is a pronounced reduction in the 
amplitude of the miniature end-plate 
potentials and in the quantum compo- 
nents of the EPP and a normal 


-number of acetyicholine. packages rë- 


leased by a nerve impulse. 

In these experiments, no direct esti- 
mations of the sensitivity of the 
muscle end-plate to ACh have been 
attempted, but an estimation of the 
number of free ACh receptors was 
made by investigating the capacity of 
intercostal muscle- fiber preparations 
to bind N naja toxin. 

As in human myasthenia gravis," a 
reduction in the toxin-binding capaci- 
ty of immunized preparations was 
found. This reduction is considerably 
smaller than the cbserved reduction in 
the MEPP-amplitude. The localization 
of the binding sites has, however, not 
been determined and it may well be 
that the reduction in binding sites is 
greater at the end-plate than in other 
parts. Further, though antibody may 
prevent a-neurotoxin binding due to 
steric hindrance, there are indications 
that the antibody is not: directed 
against the ACh binding site of the 
receptor molecule. Somie neurotoxin 
may be bound at this site. 


The time course of the appearance : 


of the neuromuscular blockade after 
the injection of the purified ACh 
receptor protein and the appearance 
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of the irona pidak at the g 
' same time as the antibody’ titers 
increased’. suggest that the antibodies 
against the ACh receptor protein are ` 
involved in the blockade. The possi-: 
bility that the blockade could be: 


produced by neurotoxin residues used 


in the purification anal has been | 


ruled out.” / 
The findings thus e further 
evidence to the assumption’ that the 


ACh receptor -protein in the electric 
organ of T marmorata is similar to’ 
the ACh receptor protein of rabbit. 
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. and Applications. 


“muscle snd alid in the sense- that 
antibodies against the former also , 


may react with the latter in vivo. 


. Assuming ‘antibodies against human , 
motor end-plate ACh receptors to be 
_involved in the neuromuscular block in 

_ human myasthenia: gravis,.a search 
' for antibodies in myasthenic sera that 
` react with the purified Torpedo ACh 
_ receptor protein’ was ‘started. This . 
- work, as well as a comparison between 
_ human muscle antibody’and Torpedo. 
.- receptor antibody showed that ACh 
‘ receptor from T marmorata cannot be `, 
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produce a similar. syndrome in these | 


species. 
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Guanosine 3’-5’-Monophosphate 
in the CSF of Neurological Patients 


Marco Trabucchi, MD; Cesare Cerri, MD; Pier F. Spano, PhD; Konosuke Kumakura, MS 


è Cyclic guanosine monophosphate 
(CGMP) levels have been measured in the 
cerebrospinal fluid of patients with vari- 
ous neurological diseases. The subjects 
with epilepsy or cerebrovascular diseases 
do not show any difference from the 
controls. Moreover, in the CSF of patients 
having cerebral tumors the levels of 
cGMP are markedly increased. This 
change is in line with previous in vitro 
studies on the increase of cGMP during 
cell growth and cell proliferation showing 
that the role of the nucleotide is important 
for the control of the life cycle of the 
cell. 

(Arch Neurol 34:12-13, 1977) 


uanosine 3’-5’-monophosphate 
(cGMP) has been indicated as 

the second messenger in a variety of 
cellular events. It is present in differ- 
ent brain areas, particularly in the 
cerebellum, where its concentration is 
many times higher than in other brain 
regions (ie, the striatum and cortex).' 
~The role of cGMP in neuronal trans- 
mission is largely unknown. Ferren- 
delli et al? reported that the cerebral 
cGMP system may be affected by 
cholinergic drugs, thus proposing a 
connection between acetylcholine and 
cGMP. Some relationships have also 
been found in rat striatum between y- 
aminobutyric acid (GABA) and cGMP: 
when the GABA function is increased, 
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cGMP levels decrease, whereas when 
GABA levels are decreased, cGMP 


levels are increased (M. Trabucchi, © 


MD, unpublished observation). 

Recently, Costa and Biggio and 
colleagues** have proposed a connec- 
tion between cGMP and the activity 
of Purkinje cells of the cerebellum. In 
general, strong evidence has been 
given on the role of cGMP in various 
tissues and different conditions as one 
of the intracellular mediators trig- 
gering cell growth and cell division.** 
In our experiments we have measured 
the levels of cGMP in the cerebrospi- 
nal fluid of men—as it has been done 
by many authors for cyclic 3’-5’-adeno- 
sine monophosphate (cAMP)*!°—in an 
attempt to study the possible role of 
cGMP in ‘neurological disorders such 
as epilepsy, cerebrovascular diseases, 
and particularly cerebral tumors, in 
which a rapid cell proliferation is 
supposed to take place. 


METHODS 


Fifty-seven patients have been studied 
in our trials. The age of the patients varied 


‘Guanosine 3’-5'-Monophosphate 

(cGMP) Concentration in CSF of 

Patients with Various Neurological 
Diseases 


cGMP, pmoles/ml 


Controls (N = 16) 
Cerebral 

tumors (N = 18) 4.21 + 0.56* 
Epilepsy (N = 13) 2.23 + 0.31 
Various} (N = 10) 2.17 + 0.20 


1.94 + 0.17 





*P < .01 in comparison with control group. 
Each assay was performed in triplicate. 
{Mostly cerebrovascular diseases. 


from 18 to 73 years. Eighteen had cerebral 
tumors of various origin, 18 were epileptics 
of various kinds, and 10 had different 
neurological disorders, mostly cerebrovas- 
cular diseases. Sixteen patients hospital- 
ized for peripheral neuropathies, with no 
evidence of central nervous system in- 
volvement, were used as controls. 
Cerebrospinal fluid (6 to 6 ml) was 
obtained by lumbar puncture performed 
before 8 AM on patients kept in bed for the 
previous 12 hours. The samples: of CSF 
were frozen immediately after the punc- 
ture and stored at —70 C for a maximum of 
one week. In our experiments we have used 
only the CSF samples with normal protein 
and cellular content. Particularly, none of 


Individual values of cyclic guanosine 3’-5’- 
monophosphate (CGMP) concentration in 
CSF of patients with cerebral tumors and 
subjects with peripheral neuropathies 
(controls). Difference between controls 
and patients with tumors is P < .01. 
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the samples contained blood. 

The cGMP was extracted from CSF, 
following the method of Mao and Guidotti" 
to separate the various nucleotides. The 
cGMP was then assayed using the radioim- 
munological assay technique described by 
Steiner and al.” , 


P RESULTS 
_’ The mean levels of cGMP in spinal, 
fluid of control. patients were, 


1.94 + 0.17.picomoles/ml (Table); with 
values ranging from 0.97 to 3.5 


- pmoles/ml. The levels of cGMP ap- 


peared to be fairly constant in the 


CSF obtained from the same patient 


at different times during the 24-hour 


cycle. Controls were six men and ten 


women: no sex correlation has been 
found- with cGMP. levels. Moreover, 
age variation appears to be of no 
importance in the control group, 


although it has to be considered that. 


all the patients were adult. 

` The Table summarizes the results of 
our experiments. Among the various 
experimental groups with neurolog- 
ical diseases, only patients having 
cerebral tumors showed a significant 
increase in the CSF cGMP concentra- 
tion when compared with controls. 
The striking difference between con- 


trols and patients affected by cerebral _ 


tumors was still more impressive 


when single values were examined — 


(Figure). Almost no overlapping was 


detectable between controls and pa-. 
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cGMP and cAMP levels in mouse cerebral cortex 
and cerebellum. Biochem Biophys Res Commun. 
41:1061-1067, 1970. 

3.,Costa E, Guidotti A, Mao CC, et al: New 


concepts on the mechanism of action of benzodia- _ 


zepines. Life Sci 17:167-186, 1975. 
4. Biggio G, Guidotti A, Costa E: Regulation of 
cerebeliar cGMP content by climbing and mossy 


fibers: Pharmacological considerations. J Phar- ' 


macol Exp Ther, to be published. 

5. Hadden JW, Hadden EM, Haddox MK, et al: 
Guanosine 8- ‘cyclic monophosphate: A possible 
intracellular mediator of mitogenic influences in 
lymphocytes. Proc Natl Acad Sct USA 69:3024- 


. 8027, 1972. 


6. Kram R, Tomkins GM: Pleiotypic eontrol by 
cyclic AMP: Interaction with cyclie GMP and 
possible role of microtubules. Proc Natl Acad Ser 
USA 70:1659-1663, 1973. 

7. Thomas EW, Murad F, Looney WB, et al: 
Adenosine 3- “monophosphate and guanosine 
3’-5’-monophosphate:. Concentrations in Morris 


Arch Neuro]—Vol 34, Jan 1977- 


tients with cerebral tumors. Epileptic 
patients, on the conzrary, had a CSF 
cGMP concentration iof 2.28 + 0.31 
pmoles/ml, 
from ‘that of the controls. Also, the 
other group, which includes patients 
with cerebrovascular diseases (six), 
Alzheimer degeneration (one), multi- 
ple sclerosis (three), and normotensive 
hydrocephalus.(one), did not show any 
significant differenc2 with the control 


which is; not different: 


“a 


group in cGMP CSF concentration ` 


(2.17 + 0.20 and 1.94 + 0.17 pmoles/ 
ml, respectively) (Table). 


COMMENT 
Our data represent—at least to our 


-knowledge—the first study on the 


levels of.eGMP in human CSF. Hidaka 
et al" recently described cGMP phos- 
phodiesterase activity in the CSF of 
patients with cerebral tumors, but no 
control data were given by these 


_ authors. We have found that cGMP 


levels are not changed in epileptic 
patients at a steady-state condition of 
the disease. Liquoral cGMP content 
also is not .changed in other patholog- 
ical conditions, ie, cerebrovascular dis- 
eases, thus confirming the relative 
stability of the system. However, 
most interesting is the increase of 
cGMP levels we found in the liquor of 


patients with various kinds of cerebral ° 


tumors. These data correlate very well 
with the recent observation by Kuma- 
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Sodium Valproate and Clonazepam - 
` in the Treatment of Intractable Epilepsy 


James W. Lance, MD, Michael Anthony, MD 


è Of 88 patients with intractable epilep- 
sy, 60 have been treated with clonazepam 
for up to three years and 60 have been 
treated with sodium valproate for up to 18 
months. Each agent was used sequen- 
tially in an overlapping group of 32 
patients. Both agents have proven effec- 
tive In the control of petit mal absences 
and myoclonic jerks, although some 
patients responded to one and not to the 
other. Clonazepam has given better 

, results than valproate in temporal lobe 
and other partial (focal) epilepsies, while 
valproate has given better results in grand 
mal seizures and atonic attacks. Both 
preparations - were more effective in 
patients with spike and wave paroxysms 
in thelr EEG recordings, the correlation 
being more conspicuous with valproate. 
Both medications appear to be safe and 
useful additions to anticonvulsant ther- 
apy. . 

(Arch Neurol 34:14-17, 1977) 


wo new antiepileptic agents in- 
troduced in Europe have become 
available for clinical trial in other 
countries over the past few years. The 
anticonvulsant properties of clona- 
zepam were reported by Gastaut and 


his colleagues’? and those of sodium. 


valproate by Meunier et al.° 
Clonazepam is a benzodiazepine, a 
chlorinated derivative of nitrazepam 
with a serum half-life of 22 to 33 
hours,’ which has been shown to be 
. effective in controlling various. types 
of epilepsy, particularly petit mal 
` absences and minor motor seizures of 
childhood.*'° The usual effective oral 


dose of the drug for adults is 6 mg 


daily, which maintains a plasma level 
of about 25 to 80 ng/ml.® 

Sodium valproate (dipropylacetate) 
has a half-life of only 5.6 to 9.6 hours" 
and has been: reported to be effective 
in all varieties of epilepsy with the 
exception of temporal lobe attacks 
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and partial (focal) seizures.*" The 
usual oral dose for adults is 600 to 
1,200 mg daily. Effective plasma level 
is probably 50 to 100 pg/ml (samples 
taken three hours after the morning 
dose." 


The present study compares the: 


activity of cloriazepam and valproate 
in a group of patients with epilepsy 


who had not responded to adequate - 


doses of standard anticonvulsants, 
alone or in combination. A prelimi- 
nary report of the early stage of this 
open trial was given to the Australian 
Association of Neurologists. 


PATIENTS AND METHODS 


Approval’ was granted by the Australian 
Drug Evaluation Committee for open trial 
of clonazepam and valproate in patients 
whose epilepsy had not responded to 
optimal doses of conventional medication. 
The trial involved 88 patients with intrac- 
table epilepsy, many of whom were subject 


to more than one form of seizure. The 
response was analyzed separately for each 
type of seizure that habitually recurred 
once or more each month. The 88 patients 
were subject to a total of 128 types of 
seizure classified according to a simplified 
yersion of the proposed international clas- 
sification.’ The classification, number in 
each group, age range, and maximum 
frequency of seizures before alteration of 
medication are shown in Table 1. The term 
“intractable” implies that petit mal ab- 
sences continued in spite of the maximum 
tolerated dose of ethosuximide (in some 
cases trimethadione and acetazolamide had 
also been used), and that other forms of 
seizures had not responded to phenobarbi- 
tal, primidone, phenvtoin, or carbamaze- 
pine (and in some instances, diazepam, © 
nitrazepam, or sulthiame as well) in stan-. 
dard doses, with monitoring of blood levels 
in the case of barbiturates, phenytoin, and 
carbamazepine. 

All patients had been receiving more. 
than one form of medication. In about 70% 
of cases, the most recently added drug was 


Table 1.—Manifestations of Epilepsy in 88 Trial Patients ` 


Form of Epilepsy t 
Grand mal ; 
Petit: mal absences 
Myoclonus 
Atonic 
Temporal lobe — 

epilepsy 
Other partial 

(focal seizures) 


Total 





Age (yr) Frequency 
8-44 1/mo-5/day 
9-44 5/mo-continuous 
13-35 2 bouts/mo-continuous 
12-50 1/mo-6/day 


‘1 /mo-20/day 


1/mo-4/day 


Fig 1.—Results of clonazepam therapy, using clinical classification: GM, grand mal; PM, 
petit mal; M, myoclonus; A, atonic; TLE, temporal lobe epilepsy; F; focal seizures. 
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slowly withdrawn as clonazepam (2 mg) or 
sodium valproate (200 mg) was added to 
the treatment schedule and increased 
gradually to one tablet three times daily. 
In patients who were still subject to 
frequent and severe seizures, although 
tolerating their previous medication well, 
the new medication was simply added to 
previous therapy. The dose was slowly 
increased until seizures were controlled or 
side éffects appeared. Clonazepam alone 
was included in the therapy of 28 patients, 
valproate alone in 28 patients, and both 
drugs ‘were employed sequentially in 32 
patients. In all, 60 patients have been 
treated with clonazepam for periods up to 
three years with doses ranging from 2 to 32 
mg daily, and 60 patients have been given 
sodium valproate for periods of- up to 18 
months in doses ranging from 400 to 2,400 
mg daily. Most patients were maintained 
on a regimen of 3 to 12 mg clonazepam 
daily or 400 to 1,200 mg sodium valproate 
daily. © i 

The presumed cause of epilepsy is shown 
in Table 2. “Genetic” means that a parent 
or sibling has epilepsy; this category 
includes four patients from two families 
with familia] myoclonic epilepsy. “Prob- 
ably Genetic” comprises patients with 
petit mal absences and a 3-Hz spike and 
wave EEG pattern, following the work of 
Metrakos and Metrakos.'* Birth trauma 
. was presumed if there was a history of 
difficult labor, early onset of epilepsy, and 
clinical signs of focal cerebral damage. 
“Probable Birth Damage” covers those 
with two of the three criteria. The EEG 
findings for both series of patients are 
shown in Table 3. 


The patients were examined one month 


after the start of medication, and at inter- 
` vals of approximately two months there- 
after. Laboratory investigations were car- 
ried out on each occasion and comprised 
full blood cell count, blood urea, random 
blood glucose, liver function tests, and (in 
the case of valproate) partial prothrombin 
time with kaolin (PTTK). These studies 
were discontinued after six months in the 
clonazepam series- but continue to the 
present in patients receiving valproate. 


RESULTS 


Improvement with clonazepam was 
particularly noticeable in patients 
with petit mal absences, myoclonus, 
and temporal lobe attacks (Fig 1). 
Complete freedom from seizures was 
obtained in some eases of grand mal 
(two patients), petit mal (four pa- 
tients), myoclonus (two patients), 
temporal lobe epilepsy (two patients), 
and other focal seizures (one patient). 
Patients with EEG spike and wave 
paroxysms did slightly better than 
those with focal or nonspecific EEG 


a 
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changes (Fig 2). Clonazepam therapy 
has been discontinued in 26 patients 
and continues in 34. 

Valproate was of benefit to patients 
with grand mal seizures and atonic 
attacks as well as to those with petit 
mal absences and myoclonus (Fig 3). 
Freedom from seizures was attained 
by seven patients with petit mal, four 
patients with myoclonus, two patients 
with atonic attacks, one patient with 
temporal lobe attacks, and one with 
focal seizures. Correlation with EEG 
abnormalities showed that the pa- 
tients with spike and wave paroxysms 
improved more than patients with 
other EEG changes (Fig 4). Valproate 
therapy has béen discontinued in 15 
patients and continues in 45. 

The bare statistics give a conserva- 
tive picture of the degree of improve- 
ment in some patients. One patient 
with familial myoclonic epilepsy was 
virtually confined to a wheelchair 
because of jerking of the limbs on 
attempted movement. He could stand 
only if continually ‘supported. On the 
addition of clonazepam (12 to 16 mg 
daily) he was steadier and could feed 
himself more readily but still required 
support to walk (classified as 25% 
improved). When - clonazepam was 
slowly’ changed to sodium valproate, 
the dose of which was. increased to 
1,800 mg daily, he was able to walk on 
his own around the house and in the 
street, to ride a bicycle, and to 
perform manual tasks.that he had 
been unable to do for five years. His 
improvement, which has been main- 


. tained for 18 months, is classified as 


only 75% because he is still subject to 
myoclonus when upset or excited, but 
has completely altered his mode, of 
life. His sister also improved with 
sodium ‘valproate more than clona- 
zepam: but she was unable to walk 
without support until the dosage was 
increased to 2,400 mg daily. 

One paradoxical response is worth 
noting. A man aged 48 years with 
temporal lobe epilepsy and a left 
temporal spike focus in his EEG 
improved considerably when sodium 
valproate (1,200 mg daily) was added 
to his previous medication, but he 
developed intermittent ' myoclonic 
jerking of the right | arm and leg for 
the first time in his lifé. When clona- 
zepam (6 mg daily) was added to his 
medication, temporal lobe attacks and 
myoclonus were brought under con- 


trol. Valproate, while more effective 
than clonazepam in generalized myo- 
clonus, may be less effective when the 
myoclonus is of focal-origin. The two 


agents may be complementary in the ` 


management of epilepsy. 


Of the 32 patients who were treated 


with both medications, 11 responded 
better to clonazepam, ten responded 
better to valproate, ten responded to 
neither, and one (mentioned above) 
required both drugs to control his 
seizures. Clonazepam was superior in 
four patients ‘with temporal lobe 
epilepsy, five patients with petit mal 
absences (1 with associated grand mal 
and 1 with atonic attacks), and two 
with atonic attacks. Valproate proved 
more effective in two patients with 
myoclonus, in six patients with petit 
mal (two with associated grand mal 
and two with atonic attacks), and in 
two patients with grand mal seizures 
alone. 

- Drowsiness was the most common 
side effect on clonazepam therapy. 
(Table 4), but most patients tolerated 
the drug well after -one month of 
treatment. Four patients became 


ataxic and four experienced mental — 


changes. One patient died in a major 
seizure and one patient was found to 
have diabetes in the course of treat- 
ment, .but neither of these was 
attributed to clonazepam. Results of 
laboratory tests were all normal 
except in one patient who developed 
leukopenia (white blood cell count, 
3,600/cu mm; 39% neutrophils) while 
receiving therapy. Since she was also 
receiving carbamazepine and the leu- 
kopenia persisted after clonazepam 
therapy was discontinued and re- 
turned. to normal arter discontinuing 
carbamazepine, clonazepam is unlike- 
ly to have been responsible. 


Nausea, vomiting, or diarrhea were . 


noticed by seven petients when they 
started treatment with valproate (Ta- 
ble 4), but subsided on reduction of 
dosage. Eleven patients complained of 
drowsiness, but this was transient in 
ten of the 11. On the other hand, 22 
patients commented spontaneously on 
increased mental alertness and two 
felt overstimulated (mind racing, in- 
somnia). Results of biochemical tests 


_have shown no: abnormality. Two 


patients became neutropenic (neutro- 
phils 26% of 5,200 WBCs per cubic 


millimeter and 34% of 3,600 WBCs per 


cubic millimeter) but bone’ marrow 
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biopsy specimens were normal and the 
WBC count returned to normal after 
two months. Ten patients have had a 
slightly prolonged PTTK on one or 
more occasions, but results of coagula- 
tion tests have shown little variation 
from normal and there has been no 
clinical disturbance as a result. 


COMMENT 


Both agents were effective in this 
open trial since all patients had 
previously been subject to frequent 
seizures in spite of high doses of other 
anticonvulsants. It remains to be seen 
whether either medication will prove 
to be the drug of choice in the treat- 
ment of new patients with, epilepsy. 
Valproate has particular appeal in this 
respect, as patients were much bright- 
er and more normal in appearance 
even when valproate was added to 
other medication. This was also noted 
by Jeavons and Clark, who achieved 
complete control of attacks in ten of 
19 patients with tonic-clonic seizures, 
12 of 17 patients with petit mial 
absences, and 11 of 21 patients with 
myoclenus, They commented that 
the average time to achieve con- 
trol of seizures: was six weeks and 
the average dose used was 1,000 mg 
daily. In the present series it appeared 
that valproate had to be administered 
for about two weeks before reaching 
the full therapeutic effect. Early in 
the trial when our policy was-to with- 
draw a major anticonvulsant over two 
weeks while the dose of valproate was 
being built up, six patients experi- 
enced one or more major seizures 
during this time after a period of 
freedom. The withdrawal of anticon- 
vulsant is now undertaken only after 
the patient has been established on a 
regimen of valproate for at least two 
weeks and then proceeds cautiously. 

Godin et al'® suggested that the 
action of valproate may depend on the 
inhibition of gamma-aminobutyric 
acid (GABA) transaminase, thus al- 
lowing the accumulation of intracere- 
bral GABA as a natural anticonvul- 
sant substance. Although some 
patients were drowsy when first 
starting valproate therapy, the clin- 
ical observation of increased alertness 


‘of most patients once a maintenance 


dose was established and the symp- 
toms of excitation in .some (mind 
racing, insomnia) indicate that it must 
also be a central stimulant. The corre- 
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lation of response with spike and wave 
paroxysms in EEG records suggests 
the possibility that it may act by 
increasing activity and therefore de- 
creasing synchronization of the non- 
specific reticulocortical projections 
(“arousal system”). 

On the other hand, clonazepam has a 


| sedative effect and appears to be 


more effective than valproate in 
epilepsy of mainly cortical origin 
(temporal lobe epilepsy and the other 
partial epilepsies). It is more effective 
in myoclonus than other benzodiaze- 
pines used in this clinic.” It has been 
postulated that the anticonvulsant 
effect of clonazepam may result from 
increase in brain serotonin concentra- 
tion, since this has been demonstrated 


in the mouse after acute administra- 


tion of clonazepam.*! The syndrome of 
posthypoxic action or intention myo- 
clonus” may respond to the adminis- 
tration of 5-hydroxytryptophan,* 
particularly if accompanied by a de- 
carboxylase inhibitor, which sug- 
gests that a defect in serotoninergic 
transmission may bé a factor in the 
causation of myoclonus, partially 
overcome by the administration of 
clonazepam. If this is the case, then 
the effect of valproate on brain sero- 
tonin should be examined. Further 
study may explain the paradox of the 
patient who developed unilateral myo- 
clonus while under treatment with 
valproate, which had proved so suc- 
cessful in other forms of myoclonus. 

More speculation about the mode of 
action of these drugs would be prema- 
ture at the moment. From the clinical 
viewpoint, they appear to be safe and 
very useful additions to anticonvul- 
sant therapy. 


For this investigation, clonazepam was sup- 
plied by Roche Products and sodium valproate by 
Reckitt Pharmaceuticals. M. Wyer, chief pharma- 
cist; Prince of Wales Hospital, maintained 
records of all patients participating in the trial. 


Nonproprietary Names 
and Trademarks of Drugs 


Carbamazepine— Tegretol. 

Clonazepam —Clonopin. 

Ethosuximide—Zarontin. 

Sodium valproate—Depakene, Ergenyl, 
Epilim. 

Sultthiame—Conadil, Trolone. 
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-Pathogenesis 


of Reovirus Type 1 Hydrocephalus i in Mice 


Significance of Aqueductal Changes 


Colin Masters, MB; Michael Alpers, MB; Byron Kakulas, MD 


è The pathogenesis of hydrocephalus 
following reovirus type 1 inoculation of 
neonatal mice has been examined by light 
microscopy, radiology, immunofluores- 
cence, and electron microscopy. The 
 reovirus infection causes an acute epen- 
dymitis and leptomeninglitis, followed by a 
fibrous arachnoiditis and arachnoid. villl- 
tis. Hydrocephalus develops in proportion 
to the degree of inflammatory/fibrotic 
changes within the cerebrospinal fluid 
pathways. With the beginning of hydro- 
cephalus there is radiographic evidence 
of basal cistern blockage. As the hydroce- 
phalic state progresses, axial herniation 
and compression of the midbrain result in 
the appearance of aqueduct stenosis. We 
`- demonstrate that the stenosis of the aque- 
duct is a secondary phenomenon, not 
causally related to the pathogenesis of 
hydrocephalus, and discuss the signifi- 
cance of this finding to human pumas 
stenosis. 

(Arch Neurol 34:18-28, 1977) 


t has been claimed that aqueduct 
stenosis: is a cause .of virus- 
induced hydrocephalus in experimen- 
tal animals. Our preliminary obser- 
vations on the hydrocephalus caused 
by reovirus type 1 inoculation of 
neonatal mice showed that in some 
mice there was a normal or dilated 
aqueduct. This finding has been noted 
in other ee of virus-induced 
hydrocephalus.**'*'* The presence of 
-a patent aqueduct ie either that 
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a blockage must exist in the extraven- 


tricular cerebrospinal fluid pathways. 
{the subarachnoid space and arach- 


noid villi) or that oversecretion of CSF 
has oceurred. 

In order to elucidate the pathogen- 
esis of virus-induced hydrocephalus, a 
detailed neuropathologic study using 
light and electron microscopy, radiol- 
ogy, and immunofluorescence was 
carried out on the reovirus murine 
model. The results show that aqueduct 


stenosis is a secondary phenomenon 
due to external compression of the- 


mesencephalon. The possible rele- 
vance of this observation to human 
pathology is apparent. 


MATERIALS AND METHODS 
Animals and Ineculation Procedures 


Mice of the Prince Henry (PH)! and 
Balb/C' strains were used. The PH strain 
is randomly bred, and the Balb/C is a 
standard inbred strain. Neonatal mice 
were not more than 24 hours old. 

Virus was given oronasally by placing a 
drop of virus suspension on the nose of the 
animal, which would then be distributed to 
the respiratory and gastrointestinal tracts. 
Intracerebral inoculations were made by 
injecting 0.01 ml of virus suspension into 
the right parietal lobe. Mice dying within 
48 hours of inoculation were excluded from 
this study. 


Virus 


Two sources of the Lang (human) strain 
of reovirus type 1 (RV1) were used: (1) 
RV1-S_ originated from Sabin® as a 
monkey kidney cell culture, with previous 
five passages in neonatal mice; (2) RVJ-K 
originated from Kilham® as an L-cell 
passaged strain, originally derived from 
the American Type Culture collection. Gut- 
passaged stocks of RV1-S were made, and 
titrations for the lethal dose for 50% 
survival of the group by oronasal inocula- 
tion performed. Mycoplasma was not pres- 
ent in stock virus. 


Pathologic Examination 


Litters ` were examined regularly for 
macroscopic evidence of head enlar gement. 


` Tissues for light microscopy were obtained 


after perfusion through the left ventricle 
with 10% normal saline. In order to 
examine the arachnoid membranes and 
villi, the brain was examined with the 
calvaria intact. After decalcification, the 
whole head was embedded in paraffin, and 
serial and representative sections made. 
Sections were stained with hematoxylin- 
eosin, cresyl violet fast, PAS, Congo red, 
Lendrum phloxine tartrazine, and various 
myelin stains. Frozen sections, were also 
examined by the Cajal gold sublimate 
method. 

Photographs of the midbrain were 
enlarged and planimetric measurements of 
the cross-sectional area were made. 


Radiographic Examination 


- Mice for examination were anesthetized 
with pentobarbital! sodium. A parasagittal 
incision of the skin exposed the parietal 
bone. The superior sagittal and lateral 
sinuses were identified, and the parietal 
bone 3 mm from these structures was 
punctured with a 26-gauge needle. The 
needle was introcuced at 30° to the hori- 
zontal plane and advanced posteriorly in 
the parasagittal plane for a distance of 2 to 
3 mm into the lateral ventricle. A slow 
injection of 0.10 ml of propyliodene (Diono- 
sil) was made, the animal remaining in the 
prone position; the needle was then slowly 
retracted along the plane of entry. 

To move the positive contrast material 
from the lateral ventricle to the third 
ventricle, and tc prevent its escape from 
the fourth ventricle, the animal was given 


‘a backward somersault into the supine 


position with the head slightly below the 
horizontal. A reverse Towne view was 
thereby attained. Following this, lateral 
and then normal Towne views were 
taken. 

For both Towne and lateral views an 
x-ray exposure of 45 kilovolts (peak) for 80 
mamp at 90-em focus-film distance was 
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taken with a Siemens Sireskop-3. Kodak 
industrial A film was used. This was 
processed by hand in Amyl Chemicals 
series 5 developer for six minutes at 21.1 C. 
Better detail could have been obtained by 
using a fine-grain developer such as Amyl 
series 4. The resulting picture gave a 
magnification factor of exactly double. 


Preparation of Arachnoid Villi 
for Immunofluorescence 
and Transmission 


Electron Microscopy.—After removal of 
the calvaria, the arachnoid mater and 
venous sinuses were carefully stripped 
from the inner surface, so that the arach- 
noid villi, which lie at their junction, were 
readily identifiable for further dissection 
and examination. 

Immunofluorescence.—Fluorescein-conju- 
gated goat antiserum polyvalent to reovi- 
rus types 1, 2, and 3 was used in a direct 
immunofluorescent staining technique.” 

Scanning Electron Microscopy.—Mice for 
examination were perfused with 2.5% 
glutaraldehyde. The calvaria was then 
removed, exposing the pia arachnoid and 
arachnoid mater and the entrance of the 
arachnoid villi. The brain was sectioned in 
the horizontal plane to expose the ventric- 
ular surfaces. After postfixation in 1% 
osmium, the specimens were dehydrated 
through graded solutions of ethanol, and 
then dried by the critical point CO, method. 
Specimens were then coated with gold- 
palladium (200 to 300-A thickness) and 
viewed in a scanning electron microscope. 

Transmission Electron Microscopy.— Sec- 
tions of glutaraldehyde-fixed material 
were prepared in the usual manner and 
viewed in an electron microscope. 


RESULTS 
Incidence of Hydrocephalus 


Preliminary experiments showed no 
difference in the incidence of hydro- 
cephalus between the PH and Balb/C 
strains of mice. The incidence of 
hydrocephalus was dose-dependent 
(Table 1). Delaying the inoculation 
until 48 hours after birth did not alter 
the incidence. 


Route of Inoculation 


Following oronasal inoculation, 
macroscopic head enlargement was 
not seen before 30 days, and usually 
was seen at about 60 to 90 days. After 
intracerebral inoculation, macroscopic 
head enlargement occurred as early as 
15 days, and usually was seen at about 
30 to 50 days. Macroscopic head 
enlargement, however, was a poor 
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Fig 1.—Top, Occipital lobe, leptomeninges, and overlying calvaria of hydrocephalic 
mouse (29 days after intracerebral inoculation with RV1-K). Subarachnoid space is 
obliterated by chronic inflammation, which has resulted in fibrosis. Bottom, Arachnoid 
villi in hydrocephalic mouse (17 days after intracerebral inoculation with RV1-K). 
Between lateral sinus (S) and subarachnoid space (A) there is extensive fibrosis and 
inflammation surrounding the villi (arrow) (hematoxylin-eosin, x 160). 





Dose 


indicator since 


of hydrocephalus, 
many cases of an early stage of hydro- 
cephalus were detected only on histo- 
logic examination. 


Clinical Observations 


The acute phase of the encephalitis 
was manifested after the third day by 
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Table 1.—Incidence of Hydrocephalus After Neonatal Oronasal Inoculation With 
Reovirus Type 1 (Sabin) 


No. of Mice 
















No. (%) With 





generalized tremulousness, incoordi- 
nation, and relative immobility of the 
hind legs. These signs were most 
pronounced after intracerebral inocu- 
lation, and more with RV1-K than 
RV1-S. In mice with slight head 
enlargement (first clinical stage), it 
was not possible to predict the clinical 
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Fig 2.—Top, Average score (expressed as percentage of total attainable) of four 
indicators of pathologic change (meningitis, arachnoid villus inflammation/fibrosis, 


leptomeningeal fibrosis, ependymal necrosi 
intervals after inoculation with reovirus type 


s and loss) in nonhydrocephalic animals at 
1. Bottom, Average score in hydrocephalic 


animals. Persistence of pathologic changes in these animals is highly significant 


(P < .001). 


course. In some, this enlargement 
remained static over many months; in 
others, it progressed to gross head 
enlargement without obvious nervous 
system malfunction (second clinical 
stage). Such animals also had an 
unpredictable course. A small propor- 
tion would remain well over a period 
of months, although the usual course 
was for progression to a third clinical 
stage in which neurologic signs such 
as incoordination, muscle wasting, 
anorexia, and physical withdrawal 
appeared. The appearance of such 
signs invariably presaged death with- 
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in seven to ten days. Death would be 
sudden, not preceded by coma. More 
animals with neurologic signs were 
seen after intracerebral inoculation. 


Macroscopic Observations 
on the Brain 


The hydrocephalic brain in the first 
clinical stage showed symmetrically 
dilated lateral ventricles, with slight 
reduction in the thickness of the 
cortical mantle. The third and fourth 
ventricles, cerebellum, and subarach- 
noid space were normal. 

Animals in the second clinical stage, 


with grossly dilated lateral and third 
ventricles, showed particular dilation 
of the occipital horns of the lateral 
ventricles. When the calvaria was 
opened CSF would escape under pres- 
sure, and the thinned cortical mantle 
was often adherent to the overlying 
bone. In some cases, the cortex was 
deficient over the occipital poles, 
being represented by a thin mem- 
brane. The diencephalic and rhinen- 
cephalic structures were ventrally dis- 
placed. The mesencephalon was cau- 
dally displaced. The fourth ventricle 
was usually small and compressed by 
the caudal displacement of the poste- 
rior fossa contents. There was flatten- 
ing of the cerebellar folia. Herniation 
of the vermis or tonsils of the cere- 
bellum was not a marked feature. 

In the third clinical stage the 
appearances were essentially similar 
to those in the second. Subarachnoid 
or intraventricular hemorrhage was 
occasionally seen. 


Light Microscopic Observations 


In order to study the sequential 
development of hydrocephalus, mice 
were examined at days 3, 5, 7, 9, 11, 13, 
17, 21, 29, and 37 after either oronasal 
or intracerebral inoculation with 
RV1-S or RV1-K. A total of 130 mice 
were examined. 

Lesions within the cerebral paren- 
chyma were seen from days 5 to 21. 
Focal areas of neuronal necrosis with 
a surrounding microglial reaction fol- 
lowed by an astrocytic reaction were 
found. There was occasional perivas- 
cular cuffing with lymphocytes. These 
lesions were particularly seen in the 
diencephalon and mesencephalon, but 
were never a marked feature of the 
histopathologic reaction. No evidence 
of neuronophagia, satellitosis, diffuse 
gliosis, or demyelination was seen. 
There was no evidence of subarach- 
noid hemorrhage occurring after in- 
tracerebral inoculation, nor of any 
significant meningitis or arachnoid 
fibrosis localized to the inoculation 
site. 

The main pathologic lesions were 
found in the ependyma and extraven- 
tricular CSF pathways. These con- 
sisted of an acute ependymitis, acute 
polymorphonuclear leptomeningitis, 
meningeal fibrosis, and accumulation 
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Fig 3.—Left, Rostral aqueduct of mouse (21 days after intracerebral inoculation with 
RV1-K), demonstrating lateral compression and apposition of intact ependymal surfaces. 
Right, Rostral aqueduct of mouse (17 days after intracerebral inoculation with RV1-k), 
demonstrating almost complete obliteration of lumen with aqueductule formation. There 
is no gliosis or inflammation (hematoxylin-eosin; left, x 160: right, x 100). 





Table 2.—Hydrocephalus and Pathologic Scores in Mice After Inoculation With 
10 LD,, Units of Reovirus Type 1 (RV1) 
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1. Incidence of hydrocephalus 
in 75 mice examined from 
day 11 to day 37 


2. Degree of meningitis* 


inflammation * 


Statistical Analysis 
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Multiple Regression 
Analysis r 
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*Numbers in categories 2 through 5 refer to the total pathologic score obtained from the ten 
observational periods after inoculation; the highest attainable score in each cell is 30 (see text). Each 
cell in categories 2 through 5 represents mean observations on an average of 30 animals. 
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Fig 4.—Diagrammatic representation of 
shape of rostral mesencephalon and 
corresponding position of aqueduct (A, a 
indicate normal. B, b; C, c; D, d; and E, e 
indicate stages | to IV hydrocephalus, 
respectively). There is progressive diminu- 
tion in cross-sectional area and ventral 
displacement of aqueduct with increasing 
stage of hydrocephalus. 


of inflammatory debris within and 
fibrosis of the arachnoid villi (Fig 1). 
Each of these four indicators was 
quantified (0 = no change, 1 = mild 
changes, 2 = moderate changes, 
3 = marked changes) and the average 
score for each observational period 
calculated. 

Each animal was allocated to a 
stage of hydrocephalus. Stage I had 
mild dilation of the lateral ventricles; 
stage II had dilated ventricles without 
apparent reduction in the thickness of 
the cortical mantle; and stage III had 
reduction in the thickness of the 
cortical mantle up to the degree of 
stage IV, in which the cortical mantle 
was reduced to almost a thin gliotic 
membrane. 

The meningitic response was the 
first to develop, and was particularly 
pronounced in the basal cisterns 
surrounding the tentorium cerebelli. 
Between days 17 and 21, the infiltrate 
changed from an acute polymorphonu- 
clear leukocytic response to a predom- 
inantly lymphocytic reaction. It was 
not uncommon to see perivascular 
mononuclear cuffing of the basal 
blood vessels. Simultaneous with the 
meningitis, inflammatory cells and 
cellular debris were found within the 
arachnoid villi. Both the meningeal 
and arachnoid villus reactions pro- 
gressed to fibrosis. While ependymal 
cell necrosis was seen in the early 
phases (days 10 to 15) of the infection, 
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Fig 5.—Left, Lateral ventriculogram of hydrocephalic mouse (20 days after intracerebral inoculation with 
RV1-S), demonstrating blockage of flow of contrast material at lower end of fourth ventricle (arrow). Contrast 
medium has escaped over cerebral hemispheres via pineal recess. Right, Ventriculogram of hydrocephalic 
mouse (120 days after intracerebral inoculation with RV1-S). Ventricular injection of contrast medium 
demonstrates dilated lateral ventricles with no passage into fourth ventricle. Cisternal injection of contrast 
material demonstrates blockage of flow in basal cisterns (arrows) ( X 8). 


ependymal cell loss was more marked 
in the later stages when the hydro- 
cephalic process was well developed. 
With the ependymal cell necrosis 
there was a subependymal acute 
inflammatory reaction, and polymor- 
phonuclear leukocytes were often 
found lining the denuded ependymal 
surface. 

Quantitatively, these changes are 
summarized in Fig 2. Here it is seen 
that in the nonhydrocephalic animals, 
all four indicators rapidly fell off in 
severity, whereas in the hydrocephalic 
animals the changes persisted. The 
differences between the nonhydro- 
cephalic and hydrocephalic scores 
were highly significant (P < .001). 

Table 2 presents the correlation 
between the incidence of hydroceph- 
alus and the degree of pathologic 
change, together with the effects of 
the route of inoculation and the virus 
strain. Inoculation with RV1-K pro- 
duced significantly more (P < .001) 
cases of hydrocephalus than RV1-S. 
Oronasal inoculation with RV1-K pro- 
duced significantly more (P < .01) 
hydrocephalus than intracerebral in- 
oculation with RV1-S. The incidence 
of hydrocephalus was significantly 
correlated with each of the pathologic 
criteria, and most significantly 
(P < .001) correlated with the overall 
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Table 3.—Correlation of Aqueduct Stenosis and Compression of the Fourth 


Ventricle in Hydrocephalic Mice 





No. (%) of Mice 
pA EEO EPEE A Er AE E NERE eT 


Stage of 
Hydrocephalus NN* CN* NC* cc* 
| 34/40 (85) 4/40 (10) 1/40 (3) 1/40 (3) 
II 9/17 (53) 2/17 (12) 1/17 (6) 5/17 (29) 


Ul 8/17 (47) 6/17 (35)} 1/17 (6) 2/17 (14) 
IV 4/14 (29) 2/14 (14) 2/14 (14) 6/14 (43)§ 


*NN indicates normal aqueduct and normal fourth ventricle; CN, compressed (stenotic) aqueduct 
and normal fourth ventricle; NC, normal aqueduct and compressed fourth ventricle; and CC, 


+P = .001 (applies to vertical column). 
P = .05. 
§P = .01. 


Table 4.—Cross-Sectional Area of the Mesencephalon at the Level of the 
Rostral Third of the Aqueduct in Hydrocephalic Mice* 


Cross-Sectional 
No. of Mice Area, sq Units 
Examined (Mean + SD) 


with patent aqueduct 34 454 + 101 
with compressed aqueduct 5 408 + 73 
with patent aqueduct 12 410 + 108 
with compressed aqueduct 8 285 + 72 


*Variance ratio = 9.791 with 4 and 66 df (P < .001). 
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Table 5.—Summary of Previously Published Reports of Virus-Induced Hydrocephalus in Experimental Animals 


Route of 
Inoculation* 





Parvovirus 


Time When 
Hydrocephalus 
Observed, 
Days 


% Developing 
Hydrocephalus 


Pathologic Findings} 





Feline panleukopenia Maternal >38 Norma! aqueduct; EVP not examined” 
virus 
H-1 virus Maternal 4 Meningeal intranuclear inclusions: 





Papovavirus 
Polyoma virus 


Adenovirus 
Acenovirus 


Herpesvirus 
Rat cytomegalovirus 


(postnatal) 


SC, IV, IC 





villi not examined™ 








Ependymitis, basal meningitis, meningeal 
sarcomatosis; villi not examined'?*" 


Meningeal neoplastic transformation: 
villi not examined™*; ependymoma® 


Ependymitis, meningitis; villi not examined” 





Picornavirus 
MHG virus ae 50 Meningitis; villi not examined” 
Coxsackievirus 14 Meningitis; villi not examined® 
Reovirus i 

Type 1 IP, SC 8-42 30-100 Ependymitis; normal and stenotic aqueducts; 
axial herniation of midbrain; EVP not ex- 
amined>*"° 

Type 3 IC 240 Dilated aqueduct; EVP not examined" 

Togavirus 

Hog cholera virus Maternal ah One case No details® 

Semliki Forest virus IC 700 No details” 

Langat virus IC 14-19 ae No details” 

Ross River virus IC 18 87 Aqueduct stenosis; axial herniation of 
midbrain; EVP not examined? 

Bovine viral diarrhea Maternal 120 One case Cerebellar hypoplasia; no details” 

(mucosal disease virus) 
Myxovirus 

Influenza virus 7-90 40-93 Ependymitis; normal, obstructed, and stenot- 
ic aqueducts; EVP not examined?” 

Parainfluenza virus 14-90 3-100 Ependymitis; meningitis; normal and 
stenotic aqueducts; villi not examined** 

Sendai virus 14-28 100 Meningitis, ependymitis, aqueduct stenosis: 
villi not examined’ 

Mumps virus IC, IA 14-90 100 Ependymitis; aqueduct stenosis: axial 
herniation of midbrain; EVP not exam- 
ined?:*.74.75 

Measles virus 14-90 4 Normal and stenotic aqueducts; villi not ex- 
amined*”* 

Respiratory syncytial virus 14-90 3 Normal aqueduct; EVP not examined’ 





Retrovirus 
Rous sarcoma virus 


Arenarvirus 

Lymphocytic choriomeningitis 
virus (with Mycoplasma) 

Coronavirus 


Mouse hepatitis virus 20-240 
Feline infectious 
peritonitis virus Spontaneous >60 One case 





Neoplastic transformation of ependymal 
cells, meningitis”; leptomeningeal sarco- 
mata” 


Basal meningitis; villi not examined” 





Meningitis, ependymitis, vasculitis; aqueduct 
normal; villi not examined® 


Meningitis, ependymitis, dilated aqueduct: vil- 
li not examined" 


“SC indicates subcutaneous; IV, intravenous; IC, intracranial; IP, intraperitoneal; and IA, intraamniotic. 
TEVP indicates extraventricular pathways (subarachnoid space and arachnoid villi). 


pathologic scores. 

The clinical observation that RV1-K 
is more neurotropic than RV1-S was 
confirmed by the overall higher patho- 
logic score following RV1-K infections 
than that following RV1-S infections 
(P< .001). 
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During the course of this study, 88 
hydrocephalic mice brains were avail- 
able in semiserial sections so that the 
stage of hydrocephalus could be corre- 
lated with the appearance of the aque- 
duct and fourth ventricle. Aqueductal 
changes varied from gross dilation to 


almost total occlusion (Fig 3) -with 
similar changes seen in the fourth 
ventricle. In most instances, aque- 
ductal occlusion occurred in the rostral 
one third, the level at which the 
mesencephalon passes through the 
tentorium cerebelli. Aqueductal nar- 


`‘ 
Reovirus-Induced Hydrocephalus—Masters et al 3 







































rowing occurred as a lateral compres- 
sion, with apposition of ependymal 
surfaces (Fig 3). When the ependyma 
was absent, the appearance was of 
aqueductule formation. The degree of 
gliosis in the subependymal area of 
the aqueduct was in proportion to that 
seen elsewhere in the ventricular 
system. 

During the stages of active ependy- 
mitis, inflammatory cells and debris 
were present within the aqueduct. 

In order to quantify the aqueductal 
and fourth ventricular changes, these 
structures were assessed as either 


Fig 6.—Top, Arachnoid villus of mouse 
(seven days after oronasal inoculation 
with RV1-S) demonstrating specific fluo- 
rescent antibody-stained cells. Virus anti- 
gen has cytoplasmic distribution (x 200). 
Center, Scanning electron micrograph of 
surface of arachnoid villus in hydroceph- 
alic mouse (29 days after intracerebral 
inoculation with RV1-S). There is an 
accumulation of round cells, macro- 
phages, and cellular debris over surface of 
villus (1,280). Bottom, Transmission 
electron micrograph of arachnoid villus in 
mouse (13 days after oronasal inoculation 
with RV1-K). A degenerate cell within 
subarachnoid space (A) of villus contains 
phagocytic vacuole with particles consis- 
tent with reovirus (arrow), lying alongside 
endothelial cell (E) of villus ( x 25,000). 


a , : ,s 


normal or compressed. Dilation of 
these structures was uncommon, and 
was therefore classified as “normal” 
for the purposes of quantification. 
The results are summarized in Table 
3. A normal aqueduct and fourth 
ventricle was more frequently seen 
(P< .001) in stage I hydrocephalic 
animals. A compressed aqueduct and 
normal fourth ventricle was more 
frequent (P < .05) in stage III ani- 
mals, and compression of both struc- 
tures more frequent (P < .01) in stage 
IV animals. Clearly, aqueductal nar- 
rowing did not cause the hydrocepha- 
lus, as 68% of the animals had normal 
aqueducts. These results demonstrate 
that aqueductal and fourth ventric- 
ular narrowing are consequent on the 
hydrocephalic process. Aqueduct com- 
pression preceded compression of the 
fourth ventricle. 

Examination of hydrocephalic mice 
more than 50 days old showed little 
evidence of the presence of previous 
inflammatory change. In animals in 
stage III and IV the arachnoid villi 
were small and collapsed, and the 
subarachnoid space was usually nor- 
mal. Ependymal cell loss and subepen- 
dymal edema were consistent find- 
ings in all chronically hydrocephalic 
animals. 

The pineal recess of animals in 
stage III and IV was often dilated. It 
was difficult to assess whether this 
recess was in communication with the 
subarachnoid space, as the thin mem- 
brane that overlies the recess was 
subject to breakage during paraffin 
embedding. 


Planimetric Studies 
on the Mesencephalon 


Preliminary observations suggested 
that the mesencephalon in stage IV 
hydrocephalic animals was smaller in 
cross-sectional area than in normal or 
early-stage hydrocephalic animals. 
The cross-sectional area of the mesen- 
cephalon at the level of the rostral 
third of the aqueduct was therefore 
measured by planimetry. The results 
are presented in Table 4, and dia- 
grammatically shown in Fig 4. There 
was a highly significant fall in the 
cross-sectional area of the mesenceph- 
alon as the hydrocephalic process 
developed, the smallest area being 
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seen in stage III and IV hydrocephalic 
animals with a compressed aqueduct. 
As the cross-sectional area of the 
mesencephalon fell, there was a 
corresponding ventral displacement 
of the position of the aqueduct, to- 
gether with a dorsal beaking of the 
tectum (Fig 4). 


Radiographic Examination 


Preliminary studies in 38 normal 
mice showed no difference in the sizes 
of the ventricular systems between 
the PH and Balb/C strains of mice. In 
several mice, escape of contrast me- 
dium from the pinea! recess into the 
subarachnoid space over the occipital 
lobes was observed. In all mice there 
was a free flow of contrast material 
out of the fourth ventricle into the 
spinal and basal subarachnoid spaces. 

Twelve hydrocephalic mice were 
examined radiographically. Plain 
roentgenograms confirmed the cra- 
nial enlargement, particularly in the 
occipital region, and the small poste- 
rior fossa with enlargement of the 
upper cervical canal. In all animals the 
lateral ventricles were dilated. Most 
showed narrowing or obliteration of 
the aqueduct. The narrowed aque- 
ducts were symmetrically compressed, 
and there was no evidence of dilation 
rostral to the point of aqueduct occlu- 
sion (Fig 5). Cisternal injection of 
contrast material in the cases of 
complete aqueductal occlusion enabled 
visualization of the fourth ventricle 
and basal subarachnoid space. These 
cases with aqueductal narrowing or 
obliteration had small, caudally dis- 
placed fourth ventricles. In most 
cases, blockage of flow of contrast 
medium in the basal subarachnoid 
space at the level of the tentorium was 
demonstrable (Fig 5). Two mice 
showed escape of contrast material 
through the pineal recess into the 
supratentorial subarachnoid space. 


Immunofluorescence 


Specific staining of the ependyma, 
leptomeninges, and arachnoid villi 
was observed. Ependymal staining 
was most pronounced between days ° 
and 21 after inoculation. The pia 
arachnoid also showed specific stain- 
ing during this time interval. Quanti- 
tatively, most staining was in the 


vicinity of the arachnoid villi (Fig 6). 
This staining was seen throughout the 
observational period of the acute 
phases of the disease (days 7 to 29 
after inoculation). Mice examined 60 
days after inoculation did not show 
specific staining of any structure. 
Several hydrocephalic mice examined 
during the acute phase of the disease 
showed similar specific staining of the 
ependyma and subarachnoid space. 
Hydrocephalic mice examined more 
than 60 days after inoculation did not 
show specific staining. The route of 
inoculation or the type of virus did not 
alter the type of staining pattern 
seen. 

Controls consisting of sections from 
uninoculated mice, or sections pre- 
incubated with polyvalent antireo- 
virus antibody before the conjugated 
antibody was added, or sections incu- 
bated with normal saline showed no 
staining. 


Scanning 
Electron Microscopy 


The ventricular system and sub- 
arachnoid space were examined at 
days 9, 13, and 29 after inoculation. 
Age-matched controls did not show 
any inflammatory changes. The 
greatest inflammatory response— 
lymphocytes, macrophages, and cellu- 
lar debris—was found on the surfaces 
of the arachnoid villi along the lateral 
and sagittal sinuses (Fig 6). This 
accumulation was most marked at the 
confluence of the lateral and sagittal 
sinuses near the pineal body. Inflam- 
matory changes were seen also in the 
olfactory grooves. 

Similar inflammatory exudate, but 
less severe, was seen on the arachnoid 
mater, pia arachnoid, and over the 
ventricular walls. Maximal changes 
were seen at day 13 after inoculation, 
and were greater following intracere- 
bral than oronasal inoculation. 

Ten hydrocephalic animals were 
examined. Those still in the acute 
phases of the disease (days 20 to 30 
after inoculation) showed similar 
changes to those described above. 
Hydrocephalic animals examined 50 to 
60 days after inoculation had rela- 
tively little inflammatory debris pres- 
ent, and the openings to the arachnoid 
villi were normal. The ependymal 
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changes in these older animals were 
similar to these previously described 
by Nielsen and Gauger.* 


Transmission 
Electron Microscopy 


The arachnoid villi of mice inocu- 
lated with reovirus type 1 were exam- 
ined 9, 11, 13, 29, and 37 days after 
inoculation. Viral particles with the 
appearance and size consistent with 
reovirus were found within degen- 
erate cells within the villi (Fig 6). 


COMMENT 


Hydrocephalus in experimental ani- 
mals has been the subject of a number 
of investigations. The most reliable 
method for inducing hydrocephalus in 
the larger experimental animal is the 
introduction of foreign materials (for 
example, kaolin***° and silicone deriv- 
atives*®-?") into the basal subarachnoid 
space, which effectively blocks CSF 
flow. The pathogenesis of experimen- 
tal hydrocephalus following nutrition- 
al deficiencies and administration of 
various toxins is poorly understood. 
Vitamin A deficiency causes in- 
creased fibroblastic activity in arach- 
noid granulations™; the aqueduct 
stenosis observed with vitamin A defi- 
ciency may be a secondary phenome- 
non.: The pathogenesis following 
vitamin A excess is unknown." There 
are conflicting results on the signifi- 
cance of aqueductal changes seen 
after administration of tellurium,?’**° 
cuprizone,” diazo dyes,***' autologous 
antisera,” salicylates,” and x-irradia- 
tion.” In most of these examples, 
the aqueducts have ranged from 
dilated to stenotic; the stenotic aque- 
ducts were usually seen in the 
advanced stages of hydrocephalus. 

The spontaneous and inherited 
forms of murine hydrocephalus pro- 
vide an interesting comparison to the 
present model. Secondary aqueductal 
compression is reported in nearly all 
varieties: in spontaneous hydrocepha- 
lus in the C57 black," hy-1,*"° dr,” 
hy-2, hy-3,* ch,**> and oh*®* mice. 
With the exception of the hy-3 auto- 
somal recessive form in which degen- 
erative changes in the meninges have 
been described," the extra ventricular 
pathways have not been thoroughly 
examined. Spontaneous ventriculos- 
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tomies in the region of the pineal 
recess have also been described.**”* 

When infective agents other than 
viruses have been used to produce 
experimental hydrocephalus, the 
pathogenic mechanism is a_ basal 
meningitis.**** At least 20 different 
viruses representing nearly all classes 
of conventional DNA and RNA 
viruses have been reported as causing 
hydrocephalus in experimental ani- 
mals. The time when the hydroceph- 
alus is observed, the proportion of 
animals with hydrocephalus, and the 
main pathologic findings are summa- 
rized in Table 5. Here it is seen that 
most authors have used the intracere- 
bral route of inoculation, there is a 
variable time interval for the hydro- 
cephalus to develop, and there is a 
variable yield rate. A common feature 
of the pathologic findings is the 
presence of ependymitis and meningi- 
tis. Few authors examined the sub- 
arachnoid space in detail, and none 
examined the arachnoid villi. If, at the 
time of necropsy, the brain is removed 
from the calvaria, the arachnoid villi 
are lost and the subarachnoid space 
distorted. In this study, the brain was 
examined by light microscopy with 
the calvaria intact. When aqueduct 
stenosis has been reported, it is 
usually in examples of severe hydro- 
cephalus. Furthermore, there have 
been only a few sequential examina- 
tions of the development of hydro- 
cephalus during the early stages of 
the disease. 

The results in the present study of 
reovirus type 1 murine hydrocephalus 
leave little doubt that aqueduct steno- 
sis is a secondary phenomenon. First, 
it is seen that the proportion of 
animals developing hydrocephalus is 
related to the dose of virus inoculated, 
the route of inoculation, and the 
neurotropicity of the virus. These 
indexes are related to the finding that 
the incidence of hydrocephalus is 
significantly related to the degree of 
inflammatory/fibrotic change within 
the CSF pathways and, in particular, 
within the extraventricular CSF path- 
ways (the subarachnoid space and 
arachnoid villi). The presence of virus 
and damage produced within the 
extraventricular CSF pathways are 
confirmed by the immunofluorescent 


and electron microscopic studies. Ven- 
triculographic examination of the hy- 
drocephalic mice confirmed the paten- 
cy of the aqueduct in all but the most 
severe cases of hydrocephalus, and 
demonstrated blockage of the flow 
within the basal cisterns. 

Sequential examination of mice 
during the development of hydroceph- 
alus confirmed that the hydrocephalic 
process begins in the presence of a 
normal aqueduct and fourth ventricle. 
As the degree of hydrocephalus pro- 
gresses, there is progressive narrow- 
ing of the aqueductal lumen, followed 
by compression of the fourth ventri- 
cle. This is accompanied by axial- 
caudal herniation of the midbrain and 
posterior fossa contents. The most 
convincing evidence that aqueduct 
stenosis is in fact aqueductal compres- 
sion is seen in the change in shape and 
cross-sectional area of the midbrain as 
the degree of hydrocephalus pro- 
gresses. As seen in Fig 4, there is a 
progressive diminution of the cross- 
sectional area of the midbrain, togeth- 
er with a ventral displacement of the 
relative position of the aqueduct, and 
evidence of lateral compression of the 
tectum. These changes could only 
occur as the result of external pres- 
sure on the midbrain. The microscopic 
appearance of the aqueduct during 
these changes is one of collapse with 
lateral compression. Where the de- 
nuded ependymal surfaces are ap- 
posed, the appearance is one of aque- 
ductule formation (Fig 3). Subepen- 
dymal gliosis in the region of the 
aqueduct is always in proportion to 
the degree of subependymal gliosis 
seen elsewhere within the ventricular 
system. 

A further arguement against aque- 
duct stenosis as a cause of hydroceph- 
alus is the radiographic finding of 
escape of contrast material into the 
cerebral subarachnoid space via the 
pineal recess. This alternate pathway 
of CSF flow is also seen in nonhydro- 
cephalic mice and in normal rabbits" 
and guinea pigs.** An analogous situa- 
tion is seen in man, where the pineal 
recess may dilate and form a spon- 
taneous ventriculostomy.*' These 
changes in the pineal recess may also 
be responsible for some of the ventral 
displacement of the aqueduct and 
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distortion of the tectum seen in cases 
of extreme hydrocephalus. 

The concept of aqueduct stenosis as 
a cause of hydrocephalus arose from 
observations on human material, with 
the supposition that as the aqueduct 
of Sylvius was one of the narrowest 
points within the ventricular system, 
it would be at this level that any 
further narrowing would result in a 
pressure differential sufficient to 
cause dilation of the more rostral 
ventricular system. This supposition is 
not justified and has not been 
supported by theoretical, dynamic, or 
morphologic evidence. The literature 
on human aqueduct stenosis is charac- 
terized by a failure to examine the 
patency of the extraventricular CSF 
pathways. Williams* also has drawn 
attention to the possibility that aque- 
duct stenosis is a secondary phenome- 
non. 

The results of the present study of 
reovirus type 1 hydrocephalus demon- 
strate that the hydrocephalus is 
related to the degree of inflamma- 
tory/fibrotic change within the CSF 
pathways, and that aqueduct stenosis 
is in fact secondary aqueductal com- 
pression. The virus causes ependy- 
mitis and meningitis, which leads 
directly to blockage of the arachnoid 
villi and indirectly to fibrosis of the 
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subarachnoid space. 

In other studies much emphasis has 
been placed on the microscopic ap- 
pearance of the aqueduct. The argu- 
ment as to whether gliogenic or 
nongliogenic stenosis is occurring? is 
irrelevant when the lumen is nar- 
rowed by external compression. 

If subependymal gliosis is wide- 
spread throughout the ventricular sys- 
tem, it will also be seen in the aque- 
duct. If the walls of the aqueduct are 
externally compressed, the prolonged 
apposition of the two ependymal 
surfaces will give rise to the ap- 


pearance of a coarctation’ in which. 


the ependyma is lost and there is a 
physical union of the opposing sur- 
faces. This will also result in the 
appearance of aqueductules. If the 
ependymal surface has previously 
been denuded by the infective process, 
with a simultaneous subependymal 
gliosis, then external compression will 
result in the appearance of a gliogenic 
stenosis. In this study, and indeed in 
others,**° there was little gliosis, and 
the microscopic changes in the aque- 
duct and third ventricle were more 
consistent with external compression 
than with a primary closure of an 
ependyma-lined channel. 

Previous failure to appreciate a 
possible extraventricular blockage in 
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the pathogenesis of some models of 
virus-induced hydrocephalus may 
largely be attributed to two factors. 
First, the extraventricular pathways 
(subarachnoid space and arachnoid 
villi) were not thoroughly examined 
because the brains were removed 
from the calvaria at the time of 
necropsy. Second, most hydrocephalie 
brains examined have been from well- 
established cases (more than 20 days 


after inoculation), at which time the 


inflammatory changes may have re- ý 


solved, and the fibrotic changes in the 


extraventricular pathways may not be 


pronounced. 

The results obtained @ this study of 
experimental virus-induced hydro- 
cephalus suggest that more attention 
should be directed to the subarachnoid 
space and arachnoid villi in cases of 


human hydrocephalus, and that a $ 
reconsideration should be made of 
aqueduct stenosis as resulting from 
external compression of the mid- 


brain. 
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Primary Aberrant 


Oculomotor Regeneration 


A Sign of Intracavernous Meningioma 


Norman J. Schatz, MD; Peter J. Savino, MD; James J. Corbett, MD 


® Four patients exhibiting signs of 
partial aberrant oculomotor regeneration 
without a preceding acute third nerve 
palsy had meningiomas involving the 
Cavernous sinus. Two of the patients had 
preceding sixth nerve palsies. We pro- 
pose that slowly progressive primary 
aberrant oculomotor regeneration is diag- 
nostic of intracavernous meningioma. 
The best diagnostic studies are orbital 
phlebography, carotid arteriography, and 
possibly computerized axial tomography. 

(Arch Neurol 34:29-32, 1977) 


berrant regeneration of the oculo- 
motor nerve is a well-recognized 
entity occurring after acute third 
nerve palsy from either severe head 
trauma or rupture of a posterior 
communicating artery aneurysm. ' 
Four patients with slowly progres- 
sive ocular motility and pupillary 
abnormalities consistent with aber- 
rant regenerative phenomena of the 





Accepted for publication June 30, 1976. 

From the Neuro-ophthalmology Department, 
Wills Eye Hospital (Drs Schatz, Savino, and 
Corbett), and the Departments of Neurology (Drs 
Schatz and Corbett) and Ophthalmology (Dr 
Savino), Thomas Jefferson University Hospital, 
Philadelphia. 

Reprint requests to Neuro-ophthalmology De- 
partment, Wills Eye Hospital, 1601 Spring 
Garden St, Philadelphia, PA 19130 (Dr Schatz). 


Arch Neurol—Vol 34, Jan 1977 


third cranial nerve without a preced- 
ing paralytic phase have been exam- 
ined at the Wills Eye Hospital, Phil- 
adelphia. In each we found a menin- 
gioma involving the cavernous sinus. 


REPORT OF CASES 


Case 1.—A 35-year-old man experienced 
horizontal diplopia, particularly on right 
gaze, for approximately one year. Six 
months prior to examination, he noted 
diplopia on up or down gaze, associated 
with “bulging” of the left eye. 

He had a history of classic migraine 
occurring two or three times yearly for 
many years. 

Evaluation revealed 6/6 vision with full 
visual fields in each.eye. Left blepharop- 
tosis was present in primary position. On 
gaze left, ptosis increased, while on gaze 
down and right, the left palpebral fissure 
widened as the upper lid retracted (Fig 1). 
Movements of the right eye were full, but 
the left eye could not be elevated or 
adducted. The left pupil was larger and 
reacted sluggishly. Passive ductions and 
results of funduscopic examination were 
normal. An edrophonium chloride (Tensi- 
lon) test was negative. Laboratory studies 
gave normal results. 

X-ray films of the skull, including 
tomograms of the left optic canal and 
sinuses, were normal. Orbital phlebog- 
raphy disclosed obstruction of the distal 
segment of the left superior ophthalmic 


vein (Fig 2). Pancerebral angiography 
showed questionable dorsal displacement 
of the basilar artery and a normal intracav- 
ernous carotid artery. Brain scan was 
normal. 

At craniotomy, an angioblastic menin- 
gioma of the left cavernous sinus was 
discovered. The patient received 6,500 rads 
of cobalt 60. 

Case 2.—A 46-year-old man was seen in 
September 1969 because of “blurred 
vision” when looking to the right. One year 
previously he had experienced similar 
symptoms that disappeared spontaneously 
after one month. Apart from rheumatoid 
arthritis, the patient’s medical history was 
unremarkable. 

Neuro-ophthalmologie examination dis- 
closed 6/6 vision in each eye with full visual 
fields. The palpebral fissures were equal. 
The pupils and findings from ophthalmos- 
copic examination were normal. He had an 
esotropia in primary position due to a right 
lateral rectus paresis. The remainder of the 
neurological examination was unremark- 
able. 

Skull x-ray films including optic canal 
views were normal, as was an electroen- 
cephalogram. 

The patient was lost to follow-up until 
October 1973, when he returned complain- 
ing of irritation of the right eye, progres- 
sive drooping of the right lid for about 
three months, and paresthesias of the right 
forehead and cheek for two weeks. 
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Fig 1.—Case 1. Inability to elevate left eye completely in either 
abduction or adduction, left exotropia in primary position, widen- 
ing of left palpebral fissure on gaze down and right due to 
retraction of left upper lid (arrows indicate direction of gaze). 


Fig 3.—Case 4. Mild limitation of upward gaze and adduction in 
left eye, blepharoptosis in primary position, inability to abduct left 
eye. Upper lid retraction on downward gaze (arrows indicate 


direction of gaze). 
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Fig 2.—Case 1. Orbital phlebogram demonstrating obstruction of 
third segment of left superior ophthalmic vein (large arrows) with 
nonopacification of cavernous sinus. Right cavernous sinus fills 
normally (small arrows). 


Fig 4.—Case 4. Computerized axial tomogram with diatrizoate 
sodium and meglumine (Renografin-76) injection, showing area 
of uptake in region of left cavernous sinus (arrow). 
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A second examination revealed a. visual 
acuity of 6/6 in both eyes with full visual 
fields. The pupils and results of ophthal- 
moscopic examination remained normal. 
Right blepharoptosis was now evident in 
primary position, and the right eye was 
totally paralyzed. On gaze down and to the 
left, the right palpebral fissure widened as 
the upper lid retracted. 

Skull x-ray films were again normal as 
was a polytomographic study of the sella 
and parasellar area. Orbital phlebography 
demonstrated nonfilling of the right caver- 
nous sinus. Cerebral angiography revealed 
segmental narrowing of the right intracav- 
ernous carotid artery associated with a 
tumor “blush” suggestive of meningioma. 

At craniotomy, a large, mainly extra- 
dural meningioma extended forward into 
the right cavernous sinus. Partial removal 
of the mass was performed and a postoper- 
ative course of radiation was adminis- 
tered. 

Case 3.—A 51-year-old woman was noted 
to have decreased vision in the left eye on 
routine examination. She had no ocular 
complaints, but stated that her husband 
had noted drooping of her left lid for two to 
three months. 

Examination showed that vision was 6/6 
in the right eye and 6/60 in the left. There 
was a left afferent pupillary defect. Visual 
fields revealed constriction to within 10° of 
fixation in the left eye, with a normal right 
field. The left disk was pale. She had left 
blepharoptosis in primary position, and the 
left eye was limited in all directions of 
gaze. On attempted downgaze, the left 
palpebral fissure widened as the upper lid 
retracted. 

Skull x-ray films showed irregularity of 
the lesser wing of the left sphenoid bone. 
Technetium 99m pertechnetate brain scan 
showed increased uptake in the region of 
the left orbit. Orbital phlebography dis- 
closed nonfilling of the third segment of 
the left superior ophthalmic vein. Cerebral 
angiography showed medial displacement 
of the carotid siphon and “tumor stain” 
suggestive of meningioma in the distribu- 
tion of the carotid siphon. 

At craniotomy, a meningioma occupied 
the anterior two thirds of the left middle 
fossa. The tumor invaded the cavernous 
sinus and the inner two thirds of the 
sphenoid ridge. The left optic nerve was a 
pale, flat band displaced medially. The 
main mass of the tumor encircled the intra- 
cranial internal carotid artery and was 
removed. That portion infiltrating the 
cavernous sinus was not resected. 

Case 4.—A 53-year-old woman was 
referred for left supraorbital pain and a 
foreign body sensation in the left eye for 
six weeks. 
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Vision was 6/6 in both eyes with full 
visual fields, normal pupils, and normal 
ophthalmoscopiec examination findings. 
Corneal sensation was normal bilaterally, 
but she had an area of hypalgesia in the 
left periorbital region and a left sixth 
nerve palsy. The remainder of the neuro- 
logical examination was unremarkable. A 
glucose tolerance test disclosed a diabetic 
curve. 

X-ray films of the skull, paranasal 
sinuses, and cervical spine were normal. 
Polytomography of the clivus and base 
were unremarkable. An orbital phlebo- 
gram revealed some irregularity of the left 
cavernous sinus but cerebral arteriography 
failed to show an intraeavernous mass 
lesion. Oral prednisone therapy produced 
no clinical change. 

Eighteen months later, the patient 
returned because of recurrence of pain 
over the left orbit. Neuro-ophthalmologic 
evaluation now disclosed, in addition to the 
left sixth nerve palsy, a partial left third 
nerve palsy with blepharoptosis in primary 
position and limitation of elevation (mild) 
and depression (marked). The left pupil 
was mid-dilated and nonreactive. On 
attempted downward gaze, the left palpe- 
bral fissure widened because of retraction 
of the left lid (Fig 3). Hypesthesia was now 
present in all three trigeminal divisions. 

Cerebral arteriography now showed a 
slight tumor “blush” in the left paracaver- 
nous region, suggesting meningioma. Orbi- 
tal phlebography revealed obliteration of 
the left cavernous sinus. Computerized 
axial tomography showed increased densi- 
ty in the left parasellar region (Fig 4). 

At craniotomy, a fungating meningioma 
was noted arising from the junction of the 
left petrous pyramid and the tentorium 
cerebelli. The tumor extended into the 
cavernous sinus. Cranial nerves III, IV, 
and VI were visualized outside the caver- 
nous sinus and were uninvolved by the 
tumor. A massive extension was noted in 
the cerebellopontine angle area. 


COMMENT 


Cavernous sinus disease by any 
process (tumor, aneurysm, infection, 
inflammation) may disrupt the intra- 
cavernous portion of cranial nerves 
III, IV, and VI, producing a variety of 
ocular motility disturbances ranging 
from isolated muscle paresis to com- 
plete immobility of the globe. The 
first and second divisions of the 
trigeminal nerve are also involved 
frequently. Mild proptosis may result 
from obstruction of orbital venous 
return. The miosis produced by sym- 


pathetic denervation may be masked 
by simultaneous involvement of para- 
sympathetic fibers. 

Ramon y Cajal* demonstrated that 
regeneration of axons into the distal 
stump oceurred after transection of a 
nerve. At the point of transection, the 
course of the regenerating fibers was 
altered and they entered the periph- 
eral stump in a haphazard manner. 

Shortly thereafter, Bielschowsky* 
invoked Ramon y Cajal’s observation 
to explain the so-called pseudo-Graefe 
phenomenon (lid retraction on down 
gaze following third nerve palsy). He 
theorized that regenerating “nerve 
fibers which proceed from the central 
part of the trunk of the third nerve do 
not find their original sheaths... but 
go astray, so that they arrive at 
muscles to which they do not belong.” 
Subsequent clinical, pathological, and 
electromyographic studies support 
this as the pathophysiology of the 
condition known as aberrant regener- 
ation of the oculomotor nerve.*** 

Aberrant third nerve regeneration 
in its classical complete form consists 
of (1) blepharoptosis or no eyelid 
abnormality in the primary position; 
elevation of the lid on adduction or 
attempted depression of the eye, and 
lowering of the lid during abduction; 
(2) absence of vertical eye movement; 
and (3) pupillary constriction on 
adduction or depression of the eye, 
and an absent direct light reaction. 
The syndrome is often incomplete, 
with the most common initial isolated 
finding being lid elevation in adduc- 
tion.’ 

Our patients were unusual in that 
they slowly developed signs of partial 
aberrant third nerve regeneration 
without a preceding acute third nerve 
palsy. This syndrome usually began 
with partial, but slowly progressive, 
blepharoptosis. Examination in each 
patient demonstrated signs of levator 
misdirection with frank upper lid 
elevation on attempted downgaze. 

In 1952, Levin® described a patient 
with incomplete slowly progressive 
aberrant oculomotor regeneration 
without an apparent preceding third 
nerve palsy. His second patient’s aber- 
rant regeneration followed two epi- 
sodes of intracranial hemorrhage. 
Pathologic examination following a 
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third, fatal hemorrhage disclosed a 
large posterior communicating aneu- 
“rysm. The oculomotor nerve showed 
“unmistakable evidence of aberrant 
regeneration.” Levin invoked a mech- 
anism of low-intensity recurrent inju- 
ry involving only a small number of 
fibers at any given time. Each injury 
was insufficient to present gross loss 
of function. Although this presenta- 
tion seemed similar to that in our 
group of patients, the underlying 
causes were quite distinct. We suspect 
that the ictal episodes in Levin’s 
patient probably resulted in unrecog- 
nized partial oculomotor damage with 
subsequent partial aberrant regenera- 
tion. 

Sakalas et al described a group of 
patients with tumors of the petrous 
apex, cavernous sinus area, and 
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chronic sixth nerve palsies. Three 
meningiomas were included in this 
group; all were reported to have “third 
nerve paresis” but without mention of 
aberrant regeneration. Two of our 
patients (No. 2 and 4) initially had 
chronic sixth nerve palsies and later 
developed aberrant regeneration as 
their third nerve palsies appeared. 

A possible explanation for the 
development of slowly progressive 
aberrant oculomotor regeneration 
with intracavernous meningioma is 
related to the growth characteristic of 
the tumor. Meningiomas are slowly 
growing neoplasms and_ probably 
cause subacute third nerve lesions (as 
suggested by Levin‘). Although the 
destructive phase may be subclinical, 
when a critical percentage of fibers is 
involved, an en masse response char- 
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acteristic of aberrant regeneration 
may emerge clinically. 

In our experience, skull x-ray films à 
and polytomography will not always 4 
establish the diagnosis. The cavernous 
sinus fails to opacify, with orbital 
phlebography indicating a space-occu- 
pying lesion. The intracavernous caro- 
tid artery is frequently distorted on 
angiography and a characteristic tu- 
mor “blush” suggesting meningioma 
may be seen. Computerized axial 
tomography with radioactive contrast 
injection performed in one patient 
clearly delineated the intracavernous 
meningioma. 


Nonproprietary Name and 
Trademark of Drug 


Cobalt 60—Cobium. 
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Aging and Extrapyramidal Function 


Patrick L. McGeer, PhD, MD; Edith G. McGeer, PhD; Joane S. Suzuki 


è Measurements on human brain sam- 
ples of some enzymes concerned with 
neurotransmitter synthesis suggest seri- 
ous losses with age. The most severe loss 
found was that in striatal tyrosine hydrox- 
ylase activity, the rate-controlling enzyme 
in the synthesis of dopamine. Cell counts 
in the substantia nigra where this dopa- 
minergic tract originates suggest that the 


ging is clearly accompanied by a 
decrease in mental acuity and 
physical functioning, but it has only 
been recently that work has begun on 
attempting to assess quantitatively 
possible neuronal changes in the 
central nervous system that might 
underlie these aging phenomena. This 
article reports some biochemical and 
histological data that suggest a pro- 
gressive loss of neurons in the nigro- 
striatal dopaminergic tract with age 
and discusses some possible functional 
implications of this loss. 


METHODS 


Human brains were obtained from the 
coroners and hospital pathologists in the 
Greater Vancouver area. For biochemical 
studies, the brains were obtained as soon as 
possible after death and put on ice for 


Accepted for publication April 26, 1976. 

From the Kinsmen Laboratory of Neurological 
Research, Department of Psychiatry, University 
of British Columbia, Vancouver. 

Reprint requests to Division of Neurological 
Sciences, Department of Psychiatry, University 
of British Columbia, Vancouver, British Co- 
lumbia, Canada, V6T 1W5 (Dr E. G. McGeer). 


Arch Neurol—Vol 34, Jan 1977 


decrease in enzyme activity is partly due 
to cell loss, but must largely reflect 
decreased activity of residual cells. It is 
possible that this loss may account for 
some of the difficulties in movement seen 
in aged individuals and that it might be 
less if pigment formation in these cells 
could be inhibited. 
(Arch Neurol 34:33-35, 1977) 


transportation to the laboratory where 
they were immediately dissected and the 
protein content and enzyme activities of 
defined areas determined as described in 
detail elsewhere. ' 

For histological studies, the substantia 
nigra was removed and preserved in a 3.7% 
formaldehyde solution for at least one 
week. It was then processed through 
graded alcohol and xylene and embedded in 
paraffin. The specimen was cut serially at 
25 u. Every fifth section was mounted on a 
slide, and every fifth slide was stained with 
cresyl violet stain and the cells counted. 
Periodically, an adjacent unstained slide 
was counted as a cheek to see that only 
pigmented cells were being counted. The 
counts per slide were plotted against slide 
number, and the area under the curve was 
taken as a measure of total cell counts. The 
person doing the cell counts was unaware 
of the subject’s age. 


RESULTS 


Enzyme data were obtained on 
some 55 areas from 28 control brains, 
that is, brains from persons dying of 
accident or illness without any known 
neurological concomitant. Analysis of 
the data showed that tyrosine hydrox- 


ylase (TH), glutamate decarboxylase 
(GAD), and choline acetyltransferase 
(CAT) all showed significant decre- 
ments with aging in a high proportion 
of the brain regions studied.’ The 
most dramatic effect was that shown 
by TH in the caudate, putamen, and 
nucleus accumbens (Fig 1). These are 
all areas with high concentrations of 
dopaminergic nerve endings; those in 
the caudate and putamen arise from 
cell bodies in the substantia nigra. 


Counts of these cell bodies in a series. 


of control human brains showed that 
there was a significant decrease in 
number with age (Fig 2), but the loss 
from 5 to 25 years of age was not as 
dramatic as that found for TH 
activity in the striatal nerve endings. 
Observations of the cells in the 
substantia nigra also indicated quali- 
tative differences; those in the young 
children were plump, while those in 
older individuals tended to be more 
shriveled. As indicated in Fig 2, the 
four cases of parkinsonism on which 
cell counts were done all had the 
expected low values; the single choreic 
brain examined, on the other hand, 
showed a normal cell count. 

The CAT and GAD activities also 
showed significant decreases with age 
in the caudate, and the latter was also 
significantly correlated with age in 
the putamen. The decreases were not 
as great nor the correlation coeffi- 
cients as high as those found for TH in 
the same samples (Fig 1). 
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Fig 1.—Calculated curves for glutamate decarboxylase (GAD), choline acetyltransferase (CAT), and tyrosine hydroxylase 
(TH) activities as function of age in caudate and putamen of humans dying without neurological illness. Individual values 
also shown for TH. Measurements for TH in nanomoles per hour per 100 mg of protein and for GAD and CAT in 


micromoles per hour per 100 mg of protein. The TH in nucleus accumbens showed similar curve (TH = 22.5 + 455/age; 
r/o, = 14). 
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Fig 2.—Cell counts in substantia 
nigra of humans plotted against 
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Fig 3.—Age changes in ratio of tyrosine hydroxylase (TH) to choline acetyltransferase 
(CAT) in caudate, calculated for controls from lines of regression for TH and CAT and for 
parkinsonians and choreics from measured values. 


COMMENT 


A comparison of the curves for TH 
in Fig 1 with the curve in Fig 2 
suggests that cell loss may account for 
part of the slow decay in nerve ending 
TH activity seen from about age 25 
years and older. Cell loss by itself 
seems unlikely to account for the very 
sharp decrease in TH activity in the 
striatum, which appears to occur 
between ages 5 and 25 years. This is 
the period in which the human sub- 
stantia nigra pigments heavily, and it 
seems possible that the pigment itself 
inhibits the proper functioning of 
these neurons. If this were true, 
agents that inhibited the melanin 
formation, probably antioxidants, 
might inhibit the loss in dopaminergic 
function with age. Experiments are 
presently underway in guinea pigs to 
test this hypothesis. 

It is of some interest to speculate on 
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the functional implication of these 
changes. It has been hypothesized for 
more than a decade” that extrapyra- 
midal function depends on a balance 
between cholinergic and dopami- 
nergic systems in the striatum, such 
that a relative deficiency in the 
dopaminergic system leads to parkin- 
sonian symptoms, while a relative 
deficiency in the cholinergic system 
leads to choreic symptoms. A crude 
indication of the state of balance 
might be obtained by considering the 
ratio of TH to CAT activity; this ratio 
is plotted as a function of age for the 
caudate in Fig 3. The calculated ratio 
curve for the putamen would be 
similar in shape to that for TH alone 
in Fig 1, since the putamen CAT 
showed no significant correlation with 
age. The mean values obtained in our 
series of 12 parkinsonians and eight 
choreic cases are also indicated in Fig 
3. It is evident that with aging we 


v 


tend toward a parkinsonian-like con- 
dition, which may explain the difficul- 
ties of movement and shuffling gait 
in older individuals. The low TH/CAT 
ratio in parkinsonian subjects reflects 
a low TH activity with normal CAT, 
and the high ratio in choreics reflects 
a low CAT activity with normal or 
slightly elevated TH levels.’ The loss 
of activity in both cases probably 
reflects loss of the specific types of 
neurons; a comparison of Fig 2 and 3 
indicates that the relative cell loss in 
the parkinsonian substantia nigras (to 
about 31% of controls) is very close to 
the relative loss in TH/CAT (to about 
38% of controls) in the caudates. 

Recent animal experiments suggest 
that the dopaminergic nigrostriatal 
tract may have a role in mental func- 
tion quite apart from those associated 
with control of movements. Some 
animal experiments suggest, for ex- 
ample, that this tract supports self- 
stimulation,' and its destruction leads 
to feeding and drinking deficits.’ 
Much further work is necessary before 
a role in such behavior can be ascribed 
to this tract in humans, but it seems 
clear that methods of protecting this 
tract against the deleterious effects of 
aging may be well worth investiga- 
tion. 


This investigation was supported by a grant 
from the Provincial Government of British 
Columbia. 
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The Impossible Meningioma 


John O. Susac, MD; J. Lawton Smith, MD; Frank B. Walsh, MD 


è Experience in three cases has shown 
that a small meningioma in the extreme 
posterior portion of the orbit just anterior 
to the optic foramen may occur with pro- 
gressive visual loss in the absence of 
orbital signs. Such lesions cannot be 
detected by plain skull roentgenography, 
polytomography, or selective angiography 
with subtraction and magnification. In one 
patient, even computerized axial tomog- 
raphy gave normal results, and the menin- 
gioma went undetected until exploratory 
craniotomy. 

(Arch Neurol 34:36-38, 1977) 


n 1965 Little et al' stated that a 
diagnosis of “chronic optic neuri- 
tis” is virtually always wrong, and 
that progressive loss of vision in one 
eye points to a compressive lesion of 
the optic nerve. These authors empha- 
sized that surgical exploration was 
necessary despite normal findings on 
neuroradiological procedures. 

Seven years later, Knight et al 
stated that with the use of more 
modern neuroradiologic techniques 
(polytomography of the sella and optic 
canals, pneumotomography, and selec- 
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tive angiography with subtraction 
and magnification) even the smallest 
prechiasmal tumors could be detected 
in these patients. They were very 
reluctant to advise exploratory crani- 
otomy if these studies gave normal 
findings, having recently seen nega- 
tive exploratory craniotomies in two 
patients with normal studies. 

This report describes the delayed 
diagnosis of primary intraorbital me- 
ningiomas in three middle-aged 
women with unilateral progressive 
loss of vision. Although the typical 





findings of optic nerve compression 
accompanied the visual loss, orbital 
signs were conspicuous by their 
absence. An intracranial tumor was 
strongly suspected, leading to inva- 
sive neuroradiologic procedures in 
these patients. 


REPORT OF CASES 


Case 1.—A 42-year-old woman first 
noted intermittent decrease in vision in 
her right eye during the summer of 1972, 
which progressed by October 1973 to 
constant visual blurring in her right eye. 
The vision progressively worsened; in April 


Fig 1.—Left, Intradural meningioma on right side (arrows) compressing markedly 
atrophic optic nerve (N) on left side (hematoxylin-eosin, x 18). Right, Neoplastic tissue 
showing typical whorls and sheets of meningothelial meningioma (hematoxylin-eosin, 
x15), 
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1974, an ophthalmologist found visual 
acuity of 20/200 in the right eye and 20/20 
in the left. Skull films showed no abnormal- 
ity. Results from a neurological examina- 
tion were normal except for optic atrophy 
in the right eye. 

In September 1974 visual acuity was 
down to light perception in her right eye 
and 20/20 in the left. Visual field in the left 
eye was normal. The right disk showed 
extreme optic atrophy. The left disk was 
normal. There was no proptosis, and 
motility was normal. 

Brain scan, electroencephalogram, skull 
films, tomograms of the optic foramina, 
sella, and orbit, pneumoencephalogram, 
and carotid arteriograms were all normal. 
Computerized axial tomography (CT) 
failed to disclose a mass in the orbit or 
sellar region. 

The patient developed right-sided head- 
aches associated with pain behind her right 
eye. On Jan 14, 1975, a right frontal crani- 
otomy was performed. At the apex of the 
orbit, just anterior to the optic canal, there 
was a small tumor of the optic nerve, 
measuring 16 mm in length and varying 
from 3 to 6 mm in thickness (Fig 1, left). 
The nerve was resected with the tumor, 
which histologically was a meningothelial 
meningioma (Fig 1, right). The patient has 
since done well. 

Case 2.—A 35-year-old woman noted 
decreased vision and pain in her left eye in 
October 1971. In August 1972 she had 
visual acuity of 20/20 in both eyes and 
normal visual fields. A subtle loss of color 
vision and an afferent pupil, however, were 
noted on the left. The left disk was 
described as slightly hyperemic, and with- 
out spontaneous venous pulsations. The 
right disk was normal and venous pulsa- 
tions were present. Motility was normal. 
Skull x-ray films and brain sean were 
normal. 

In January 1973 a marked loss of color 
vision and an obvious afferent pupil were 
noted in the left eye. Visual acuity 
remained 20/20 in both eyes with normal 
visual fields. The left disk was still slightly 
hyperemic without venous pulsations. By 
November 1973 pallor of the left disk was 
found, although vision in both eyes was 
still 20/20. Tomogram of the optic foram- 
ina, carotid arteriograms, and a pneumoen- 
cephalogram were normal. 

In May 1974 visual acuity remained 
20/20 in both eyes, and a paracentral 
scotoma to red objects was noted in the 
left. A steady, progressive loss of vision in 
the left eye thereafter ensued. Vision in 
the left eye was 20/30 in November, 20/40 
in January 1975, and 20/400 in May 1975. 
Repeated tomograms of her optic foramina 
were normal. 


Arch Neurol—Vol 34, Jan 1977 





479381203- 16 








Fig 2.—Case 2. Computerized axial tomog- 
raphy scan (160 x 160 matrix) showing 
enlargement of left optic nerve. 


In August 1975 visual acuity was 20/15 
in the right eye, and reduced to finger 
counting in her left eye. Visual field exam- 
ination of the right eye was normal, but a 
large central scotoma that broke out 
superotemporally to the periphery was 
found on the left. The left disk showed mild 
pallor while the right was normal. There 
was no proptosis and motility was 
normal. 

A CT scan showed diffuse thickening of 
the left optic nerve, consistent with a 
sheath meningioma (Fig 2). The patient 
declined surgery. 

Case 3.—A 39-year-old woman noted 
blurred vision in the left eye in May 1973. 
An ophthalmologist recorded normal find- 
ings. In September 1973, vision was 20/20 
on the right and 20/50 on the left. A central 
scotoma was associated with temporal 
pallor of the left disk. The left eye vision 
had decreased to 20/80 by November 1973 
and to hand movement by February 1974. 
She was hospitalized and had normal skull 
x-ray films and pneumoencephalogram. 

In March 1974, vision in the right eye 
was 20/20 and in the left eye, counting 
fingers. She had marked optic atrophy of 
the left disk with loss of direct pupillary 
light reflex. Visual field in the right eye 
was normal, and there was no motility 
disturbance. There was no proptosis. 

Skull x-ray films with tomograms of the 
optic canals were interpreted as showing 
erosion of the left anterior clinoid. In April 
1974 exploratory craniotomy was per- 
formed but no tumor was found. The left 
optic nerve was well visualized from the 
chiasm to the orbital apex and appeared 
normal in all respects. Following surgery, 
there was no light perception in the left 
eye. 


In August 1974, vision was 20/10 in the 
right eye and blind in the left. Exophthal- . 
mometry now revealed 2.5-mm proptosis 
on the left. 

In November 1974 CT scan showed thick- 
ening of the left optic nerve in the orbital 
apex, consistent with a sheath menin- 
gioma. In March 1975, results of the eye 
examination were unchanged, except that 
she now had 4-mm proptosis in her left eye. 
The patient declined further surgery. 


COMMENT 


These three women had progressive 
unilateral visual loss in association 
with an afferent pupillary light 
defect. Although the disk was de- 
scribed as normal or hyperemic early 
in the clinical course, optic atrophy 
eventually developed in all three 
patients. Our first two patients never 
showed any evidence of orbital in- 
volvement, despite symptoms for 31% 
and 4 years, respectively. Proptosis 
eventually developed in our third 
patient several months after a normal 
exploratory craniotomy. 

All three women had normal find- 
ings on neuroradiologic investigations 
consisting of plain skull x-ray films, 
tomograms of the sella and optic 
canals, pneumoencephalograms, and 
selective angiograms with magnifica- 
tion and subtraction. In case 3, tomog- 
raphy suggested erosion of the left 
anterior clinoid, but this region was 
found to be normal at exploratory 
craniotomy. Subsequently, CT scans 
correctly indicated the site of the 
tumor in this instance as well as our 
second patient. In our first patient, 
however, CT scans were normal and 
the tumor was demonstrated only at 
the time of surgery. 

This “impossible meningioma” re- 
sides within the posterior aspect of 
the orbit just anterior to the optic 
foramen. Optic nerve sheath menin- 
giomas originating in this region-are 
notoriously difficult to evaluate neu- 
roradiologically. With the use of CT, 
however, it would appear that these 
tumors may be found earlier in the 
clinical course. Although CT scans 
were normal in our first patient, the 
older 80 x 80 matrix was used; it may 
be that with the 160 x 160 matrix and 
newer refinements in CT, this tumor 
might have been demonstrated. 

Wright and colleagues? have recent- 
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ly reported their experience with CT 
. in the detection of orbital space occu- 
pying lesions in 25 patients. The orig- 
inal CT scanner with the 80 x 80 
matrix was accurate in 84%, while the 
fine-matrix (160 x 160) scanner gave 
a preoperative diagnostic rate of 93%. 
Interestingly, one of the two false- 
negative diagnoses with the fine- 
matrix scanner was made in a patient 
with a recurrent meningioma. The 
investigators concluded that CT was 
not infallible and should complement 
existing noninvasive procedures. 

In addition to being located in a 
neuroradiologically silent area, this 
tumor is also relatively inaccessible to 
surgical exploration. It is situated in a 
virtual “no-man’s” land, and negative 
explorations are not uncommon. The 
neurosurgeon must first explore the 
chiasm and intracranial optic nerve, 
then unroof the canal, and finally 
remove the roof of the orbit. Because 
the levator and fourth nerve are lying 
directly over the apex, he is reluctant 
to make more than a superficial 
inspection of this region. The ophthal- 
mologist, using a lateral Krénlein 
orbitotomy, may miss the tumor 
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because this area is poorly visualized 
with this approach. 

Although many individual case re- 
ports of intraorbital meningiomas 
have appeared, a large series has 
recently been reported by Karp et al.’ 
According to these authors, who 
collected 25 cases over a 48-year 
period, primary intraorbital menin- 
giomas are uncommon and are rarely 
considered in the differential diag- 
nosis of unilateral visual loss. Progres- 
sive proptosis and loss of vision were 
the two most common presenting 
symptoms, and eventually both were 
observed in the majority of their 
cases. Twenty-one of their patients 
were women, and four were men. 
Although the majority (60%) of their 
patients were over 25 years of age, 
40% were under 20 years of age and 
24% were in the first decade of life. 

The above data support Walsh’s 
observation’ that primary orbital me- 
ningiomas may be observed at an 
earlier age than the intracranial 
variety and that they are more 
aggressive than those occurring in 
older people. Walsh has also empha- 
sized that these tumors may occur 





with neurofibromatosis and that me- 
ningioma may be the correct diag- 
nosis when glioma had been sus- 
pected. Aecording to Walsh, the prog- 
nosis for useful vision in the involved 
eye is poor and symptomatic orbital 
meningiomas require surgical remov- 
al. 


Lorenz E. Zimmerman, MD, Armed Forces 
Institute of Pathology, Washington, DC, helped 
prepare Fig 1. 

Albert N. Martins, MD, performed the right 
frontal craniotomy on patient 1. 


References 


1. Little HL, Chambers JW, Walsh FB: Unilat- 
eral intracranial optic nerve involvement. Arch 
Ophthalmol 73:331-337, 1965. 

2. Knight CL, Hoyt WF, Wilson CB: Syndrome 
of incipient prechiasmal optic nerve compression. 
Arch Ophthalmol 87:1-11, 1972. 

3. Wright JE, Lloyd GAS, Ambrose J: Comput- 
erized axial tomography in the detection of 
orbital space occupying lesions. Am J Ophthalmol 
80:78-84, 1975. 

4. Karp LA, Zimmerman LE, Borit A, et al: 
Primary intraorbital meningiomas. Arch Oph- 
thalmol 91:24-28, 1974. 

5. Walsh FB: Meningiomas, primary, within 
the orbit and optic canals, in Smith JL (ed): 
Neuro-ophthalmology Symposium of the Univer- 
sity of Miami and the Bascom Palmer Eye Insti- 
tute. St Louis, CV Mosby Co, 1970, vol 5, pp 240- 
266. 


Meningioma—Susac et al 





hy 





Child Neurology 
Skin Punch Biopsy in the Diagnosis of 


Juvenile Neuronal Ceroid-Lipofuscinosis 


A Comparison With Leukocyte Peroxidase Assay 


® Electron microscopical examination 
of skin punch biopsy specimens was 
compared with the leukocyte peroxidase 
assay in establishing the diagnosis of 
juvenile neuronal ceroid-lipofuscinosis in 
three families with at least one affected 
child. Although the leukocyte peroxidase 
assay failed to distinguish between the 
patients, heterozygotes, and normal sub- 
jects, skin biopsy specimens containing 
characteristic cytosomes were found only 
in the children with this disease. In fact, in 
two families, the three affected members 
were identified by this method after the 
biopsy specimens had been randomized. 
Although only one to four cells containing 
such cytosomes were identified in each 
patient, not only cytosomes with curvilin- 
ear bodies but also those with rectilinear 
as well as “fingerprint” profiles were 
found. Thus, the skin punch biopsy 
appears to be a useful diagnostic aid in 
the juvenile as well as the late infantile 
forms of neuronal ceroid-lipofuscinosis. 

(Arch Neurol 34:39-44, 1977) 


Sapa antemortem diagnosis 
of many of the genetically 
determined storage diseases of the 
nervous system became possible with 
the demonstration of specific enzyme 
deficiencies in leukocytes and cultured 
skin fibroblasts. Prior to this, rectal, 
peripheral nerve, and brain biopsies 
were used to establish the diagnosis so 
that specific genetic counseling could 
be given the affected families, Ultra- 
Structural examination of cortical 
biopsy specimens continues to be 
utilized to establish the diagnosis of 
certain forms of cerebromacular de- 
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generation. The chemical nature of 
the stored product in the neuronal 
ceroid-lipofuscinosis (NCL) of juvenile 
onset (Spielmeyer-Vogt disease) has 
only been partially characterized," 
while no consistent enzyme deficiency 
has been demonstrated." 

Following the reports of Carpenter 
et al’ and Dolman and Chang“ that 
electron microscopy revealed mem- 
branous inclusions morphologically 
similar to those found in cerebral 
neurons in a variety of tissues, includ- 
ing skin and muscle, it was proposed 
that skin punch biopsies may be a 
simple, rather innocuous method for 
establishing this diagnosis.** Arm- 
strong et al*'° reported a considerable 
reduction in the peroxidase activity in 
leukocytes as a characteristic finding 
in patients with the various forms of 
NCL, thus suggesting that this deter- 
mination may also be useful in estab- 
lishing this diagnosis. 

We have studied a series of patients 
and their families by both techniques 
and have been unable to confirm any 
change in the total leukocyte peroxi- 
dase activity, but have found the elec- 
tron microscopical examination of the 
skin biopsy specimen to be a practical 
method for the diagnosis of this 
disease, and, to date, only homozygous 
affected individuals have demon- 
strated the typical ultrastructural 
inclusions. 


SUBJECTS AND METHODS 


Three families were selected for this 
study on the basis of having at least one 
living child with the characteristic clinical 
features of juvenile NCL. Two of these 
three families had histologically proved 
disease by electron microscopical demon- 
stration of “curvilinear bodies” and/or 
“fingerprint patterns” in cerebral neurons 
of deceased members. Of the 15 living 
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members from these three families, there 
were four clinically affected children, six 
obligate heterozygote parents, four unaf- 
fected siblings, and one maternal grand- 
mother. 


Leukocyte Peroxidase Activity 


Leukocytes were prepared by the meth- 
od of Percy and Brady,” with care being 
taken to minimize erythrocyte contamina- 
tion, as hemoglobin interferes with leuko- 
cyte peroxidase activity. Leukocyte peroxi- 
dase activity was measured on four differ- 
ent enzyme preparations each obtained 
from leukocytes isolated from 10 ml of 
venous blood: (1) whole homogenate in 
which leukocytes were homogenized in 2 ml 
of 0.15M phosphate buffer, pH 7.3; (2) 
supernate from leukocytes homogenized in 
0.9% NaCl, frozen and thawed six times, 
and centrifuged at 10,000 g for 15 minutes; 
(3) supernate from leukocytes homoge- 
nized in 1M NaCl and centrifuged at 
100,000 g for 60 minutes; and (4) supernate 
from leukocytes homogenized in 0.25M 
sucrose containing 5mM edetic acid and 
0.2% cetrimide (Cetavlon, ionic detergent) 
and centrifuged at 100,000 g for 60 
minutes. 

Leukocyte peroxidase activity was as- 
sayed by the method of Lück, using 
p-phenylenediamine as the hydrogen do- 
nor, and by the method of Chance and 
Maehly,"’ using guaiacol as the hydrogen 
donor. Catalase was measured by the 
method of Liick."* All of the above reac- 
tions were continuously monitored in a 
double-beam recording spectrophotome- 
ter. 


Skin Punch Biopsy 


A 2-ml skin punch biopsy specimen was 
obtained from the dorsum of the upper arm 
from each individual, and those from 
families 2 and 3 were coded randomly by 
one of us (D. F. F.) and examined electron 
microscopically by the other to eliminate 
any possible observer bias in examining 
the specimen from the affected individuals 
more thoroughly. The biopsy specimen was 
fixed immediately in a chilled, buffered 
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Table 1.—Leukocyte Peroxidase 
Activity in Whole Homogenates 


Mean* Range* 


Controls (N = 15) 1428 816-2148 


Affected patients 
(N = 4) 1284 576-2196 


Heterozygotes 
(N = 6) 1416 408-2748 


Relatives (N = 5) 1620 578-2964 


“All enzyme activities are reported as the 
change in optical density at 485 millimicrons per 
milligram of protein per hour. 


paraformaldehyde-glutaraldehyde mixture 
for four hours, diced and rinsed in 7% 
sucrose solution in the same buffer, post- 
fixed for one hour in 1% osmium tetroxide 
in s-collidine buffer, and then dehydrated 
and processed for embedding in epoxy 
Epon. Semithin sections (0.5 to 1 mm) were 
stained with toluidine blue to identify 
those areas containing dermal elements to 
be examined in the electron microscope. 
Thin sections were cut with diamond 
knives on a microtome, stained with uranyl 
acetate and lead hydroxide, and were 
examined electron microscopically. From 
each subject, thin sections were obtained 
from three to five Epon-embedded blocks. 
Because the characteristic inclusions could 
not be identified directly at the time of 
electron microscopy, approximately 24 to 
30 medium power (original magnification 
x 7,500 to Xx 10,000) electron micrographs 
were taken nonselectively of various 
vacuole-containing cells: fibroblasts, histio- 
cytes, endothelial cells, smooth muscle cells, 
pericytes, and Schwann cells and their 
axons. Thus, from each subject, portions of 
75 to 100 cells were examined in this 
manner. Only after all the specimens from 
all the members in each family group had 
been examined electron microscopically 
were the electron micrographs studied for 
the characteristic inclusions. 


RESULTS 
Leukocyte Peroxidase Activity 


When whole homogenates of leuko- 
cytes were utilized as the source of 
enzyme for the leukocyte peroxidase 
assay, no difference was noted be- 
tween controls, affected individuals, 
obligate heterozygotes (parents), or 
relatives of the affected individuals 
(Table 1) when using p-phenylene- 
diamine as the hydrogen donor. Simi- 
lar results were obtained with both 
guaiacol and O-dianisidine as the 
hydrogen donor. Catalase was normal 
in all samples. 

Leukocyte peroxidase was tightly 
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Table 2.—Comparison of Leukocyte Peroxidase Extraction Procedures 


ea a ey he as ce ae i RS ra Range* 


Control leukocytes 
Freeze-thaw x6 
100,000 g supernate 
100,000 g pellet 
1M NaCl extraction 
100,000 g supernate 
100,000 g pellet 
Juvenile ceroid-lipofuscinosis leukocytes 
Freeze-thaw x6 
100,000 g supernate 
100,000 g pellet 
1M NaCl extraction | 
100,000 g supernate 


100,000 g pellet 


2 1- 3 
98 97-99 
89 77-98 
11 2-23 

2 
98 
58 45-70 





“All values are reported as a percent of the total enzyme activity. 


Age at Age at 
Case/Family Onset, yr Biopsy, yr 
1/1 16 


2/2 5 12 


4/3 5 15 


Basis of Diagnosis Cells 


Older affected sibling 
autopsy diagnosis 
Older affected sibling 

autopsy diagnosis CFP 


3/3 5 13 Clinical 1 CCP 


Clinical 





Biopsy Findings 
mn 
No. of 
Abnormal Types of 
Cytosome* 


3 CCP, CRP 


4 CCP, CRP, 


3 CCP, CRP 


*CCP, curvilinear inclusions; CRP, rectilinear inclusions; CFP, fingerprint inclusions. 


bound to membrane fractions and was 
not solubilized to any significant 
degree with the nonionic detergent, 
octoxynol-9, extraction with 0.9% 
NaCl, 0.15M phosphate buffer, or 
freezing and thawing six times. In 
leukocytes from control individuals, 
90% of the peroxidase activity could be 
rendered soluble by extraction with 
1M NaCl (Table 2). The ionic deter- 
gent cetrimide at a concentration of 
0.2% (W/V) was equally effective in 
solubilizing the peroxidase activity 
from whole leukocytes. 

The leukocyte peroxidase activity in 
NCL behaved somewhat differently 
than in controls, in that, with 1M NaCl 
extraction, only 60% of the enzyme 
could be solubilized. 

Attempts to remove either the high 
concentration of NaCl or cetrimide by 
dialysis caused the enzyme to again 
become particulate, with the enzyme 
activity being localized in the pellet 
fraction following centrifugation at 
100,000 g for 60 minutes. Further- 
more, attempts to separate the leuko- 
cyte peroxidase activity into possible 


isoenzymes by either starch gel elec- 


trophoresis or isoelectric focusing in a 
supporting gel were rendered impos- 
sible by the solubility characteristics 
of th extracted enzyme. 


Electron Microscopy of 
Skin Biopsy Specimens 


In Table 3, the age at onset of initial 
symptoms, the age at biopsy, and the 
biopsy findings are summarized. All 
our patients fall into the category of 
juvenile NCL. 

In the affected child of family 1 
(case 1), three cells containing typical 
curvilinear inclusions (CCPs) bounded 
by a single membrane were found. All 
the inclusion-containing cells were 
histiocytes, and one cell contained at 
least five such cytosomes (Fig 1, top). 
In one cell, both CCPs and what 
Carpenter et al? named cytosomes 
with fingerprint profiles (CFPs) 
were found. In fact, a single cytosome 
contained both CCPs and CFPs (Fig 1, 
bottom). No such inclusions were 
found in either of his parents. In 
families 2 and 3, the affected children 
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were identified by the demonstration 
of similar collections of membrane- 
bound CCPs. In the affected child in 
family 2 (case 2), in addition to an 
endothelial cell containing a single 
CCP (Fig 2, left), a histiocyte and a 
fibroblast with rectilinear inclusions 
(CRPs) were again seen. In the histio- 
cyte, these inclusions were associated 
with a collection of osmiophilic gran- 
ules within the cytosome (Fig 2, 
right). The CRPs were composed of 
parallel arrays of a central dense line 
measuring approximately 20 A, with 
two outer thinner membranes of 
approximately 10 A in thickness. In 
one child in family 3 (case 3), only a 
single endothelial cell with a solitary 
CCP was noted (Fig 3, left), while in 
the second affected child (case 4), 
besides a CCP in an endothelial cell, a 
histiocyte with several cytosomes re- 
sembling CRPs with osmiophilie gran- 
ules were also seen (Fig 3, right). 
Thus, in both families, the affected 
individuals were identified by this 
technique. 

In our patients, the diagnostic inclu- 
sions appeared to be most frequent in 
histiocytes and endothelial cells. All 
the Schwann cells and smooth muscle 
cells examined were free of such inclu- 
sions. We were unable to demonstrate 
eccrine glands in any of our sections. 
Both CCPs and CRPs were seen. No 
lipofuscin-like granules were seen, 
although a few lipid droplets were 
found in case 1. 


COMMENT 


In the absence of an exact chemical 
identification of the neuronal inclu- 
sions in NCL, an enzymatic defect has 
not been demonstrated. This has 
resulted in the differentiation of this 
disease from other forms of neuronal 
lipid storage disorders, particularly 
those in which a sphingolipid is the 
stored product and a specific enzyme 
deficiency has been recognized. 

Several possible diagnostic tests 
besides the use of cortical biopsies 
have been suggested to establish the 
diagnosis of NCL. An early finding in 
this disease was lymphocyte vacuoli- 
zation," but this was found in other 
storage diseases as well, an example 
being Gy, gangliosidosis.'* Strouth et 
al and Merritt et al'* described azuro- 
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Fig 1.—Case 1. Top, Portion of histiocyte with several cytosomes (C) bound by unit 
membrane and containing curvilinear profiles. M, mitochondria (37,500). Bottom, 
Portion of another histiocyte with both curvilinear and fingerprint profiles enclosed 
within same cytosome (closed arrows). Note fingerprint profile with lattice pattern (open 


arrow) (x 64,500). 
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Fig 2.—Case 2. Left, Endothelial cell with single curvilinear inclusion (arrows) ( x 34,30 
Histiocyte with cytosomes containing recti 
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linear profiles consisting of central thick and pair of 


thin outer membranes (arrows), and numerous osmiophilic granules ( x 99,000). 


philic hypergranulation of the poly- 
morphonuclear neutrophils, which also 
was found in some heterozygotes, but 
was present in only part of a given 
kindred. These tests are helpful in 
recognizing some affected families, 
but might be very misleading when 
trying to establish whether or not a 
younger sibling might be affected. 
Since not all obligate heterozygotes 
show these histologic alterations in 
their neutrophils, the clinical value of 
these tests remains in doubt. Even the 
specificity of the “sea blue” histiocyte 
for families with members with NCL 
has been made doubtful by the recent 
report of Baumgartner and Bucher." 


Leukocyte Peroxidase Activity 


The reports of a defect in leukocyte 
peroxidase activity in infantile, juve- 
nile, and adult forms of human 
NCL*"2"2! and in English Setters 
with NCL” suggested a definite enzy- 
matic deficiency that might be the 
basic abnormality in this group of 
diseases and thus provide an accurate 
diagnostic test. To date, we have not 
been able to confirm the existence of a 
leukocyte peroxidase deficiency in 
juvenile NCL, using whole homoge- 
nates as the enzyme source. This 
inability to demonstrate a leukocyte 
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peroxidase deficiency in the various 
forms of cerebromacular degenera- 
tion has also been reported in 38 cases 
by Andermann et al” and by Anzil et 
al. 

Differences in peroxidase activity 
among the various investigating 
groups might be explained by the way 
in which the enzyme is prepared for 
assay. Armstrong’s group- did all of 
their initial work on a solubilized frac- 
tion and, in attempting to reproduce 
their results, we found that only 1% to 
2% of the total leukocyte peroxidase 
activity was solubilized by this meth- 
od. We have found that 90% of the 
leukocyte peroxidase activity from 
normal leukocytes could be solubilized 
with either 1M NaCl or 0.2% Cetri- 
mide treatment, but only about 60% of 
the leukocyte peroxidase activity 
could be solubilized under the same 
conditions from leukocytes from pa- 
tients with juvenile NCL. This later 
finding of a decreased extractability 
of the leukocyte peroxidase is in 
agreement with a recent report” 
where the amount of “insoluble” 
peroxidase activity increased as the 
disease progressed accounting for a 
decreased “soluble” peroxidase activ- 
ity. The soluble peroxidase deficiency 
in cerebromacular degeneration does 


not appear to be the primary genetic 
defect in this disease, but appears to 
be related to the altered extractability 
of the peroxidase activity from leuko- 
cyte membranes, possible due to the 
presence of an abnormally stored 
product, for the total enzyme activity 
is normal. 

Additional evidence that leukocyte 
peroxidase deficiency is not the 
primary genetic defect in juvenile 
cerebromacular degeneration comes 
from the fact that there is an auto- 
somal recessive form of myeloperoxi- 
dase deficiency’ without neurologic 
disease in which homozygous individ- 
uals are particularly susceptible to 
Candida albicans infections. Leuko- 
cytes from these individuals could not 
kill various species of Candida and 
have an inefficient bactericidal activi- 
ty requiring hours to kill the same 
number of bacteria that normal leuko- 
cytes could destroy in minutes. The 
physiologic function of leukocyte pe- 
roxidase appears to be directly related 
to the bactericidal properties of the 
polymorphonuclear leukocyte. 

Recently, Armstrong et al” have 
also described a deficiency of thyroid 
peroxidase in two patients with NCL. 
Again, differential extractability of 
the peroxidase activity may be re- 
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arrows) M, mitochondria (x 80,000). Right, Case 4. 
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Endothelial cell with rectilinear inclusions and osmiophilic granules. Note parallel arrangement of membranes in some 


(arrows) ( x 55,000). 


sponsible for the apparent lack of 
thyroid peroxidase activity in these 
cases. Two different biochemical 
types of genetically determined thy- 
roid peroxidase deficiency have been 
previously reported as causing goi- 
trous hypothyroidism and not NCL.” 
The physiologic function of the thy- 
roid peroxidase appears to be related 
to the organification of iodide and its 
incorporation into tyrosine in thyro- 
globulin. 


Skin Biopsy 


Electron microscopical demonstra- 
tion of curvilinear bodies was first 
described in cortical neurons in 
patients with NCL, but were soon 
noted in ganglion cells of the colon,” 
in histiocytes in the spleen,” and also 
in the myenteric plexuses in rectal 
biopsy specimens.*” Subsequently, 
Carpenter et al? and Dolman and 
Chang“ described similar inclusions in 
a variety of organs, including skin and 
muscle of affected patients. Martin 
and Jacobs’ suggested that these 
inclusions were restricted to affected 
individuals (late infantile form of 
NCL) and were absent in heterozy- 
gotes after studying skin biopsy spec- 
imens from an affected child and his 
parents. Dolman et al* also found that 
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typical inclusions were absent in four 
heterozygote parents of patients with 
the late infantile form of NCL. 
Recently, O’Brien et al have con- 
firmed the presence of CCPs in one 
case of the late infantile form of NCL, 
but were unable to detect any abnor- 
mality in the skin of two patients with 
presumed juvenile NCL. 

In our study, all skin biopsy spec- 
imens from the last two families were 
randomly coded and examined elec- 
tron microscopically, and all the 
affected individuals were identified 
by the presence of curvilinear and/or 
rectilinear type of inclusion. Six hete- 
rozygous parents, four siblings, and 
one maternal grandmother had no 
abnormal inclusions. These inclusions 
could not be definitely identified 
directly in the electron microscope, 
but were readily seen in the electron 
micrographs. 

In brain, several types of neuronal 
inclusions have been described elec- 
tron microscopically. These have in- 
cluded curvilinear bodies, lipofuscin- 
like inclusions, and granules with 
fingerprint-like patterns.***? On this 
basis, some* have suggested that each 
type of inclusion is characteristic of a 
particular form of the late onset 
neuronal storage disease, but others? 


have denied such specificity for the 
various types of inclusions. 

In all four of our patients, CCPs 
were found in the skin biospy spec- 
imens. In addition, in three patients, 
all from different families, CRPs 
were also present. An occasional CFP 
was also found in two patients. In 
fact, in the first patient, both CFPs 
and CCPs were seen within the same 
cytosome. In the other reported series, 
primarily dealing with the late infan- 
tile form of the disease, the inclusions 
in the skin biopsy specimens were 
only of the curvilinear type."-* How- 
ever, Carpenter et al° noted that in the 
juvenile form, CFPs and CRPs pre- 
dominated. From our experience, it is 
not possible to be certain whether 
there is any correlation between the 
type of inclusions and the clinical 
form of the disease. 

We should note the relative paucity 
of such inclusions in our patients. 
They were found in only one to four 
cells of 75 to 100 cells examined in the 
three patients from the last two 
family groups. They were somewhat 
more readily found in the first 
patient. Whether, with the examina- 
tion of greater number of cells, the 
proportion of affected cells will 
increase is obviously speculative. In 
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reviewing the previous reports of the 
finding of these diagnostic inclusions 
in various nonneural tissue, including 
the skin, there was no indication of 
the relative incidence of cells showing 
these inclusions.” ®*' 

However, Martin and Jacobs’ noted 
that the characteristic cytosomes were 
found “in nearly each smooth muscle 
fiber” and that clear cells of eccrine 
sweat glands contained “extremely 
large numbers of CCPs.” It is unclear 
whether this difference between his 
patient with late infantile NCL and 
our patients with juvenile NCL reflect 
the difference in the onset and 
severity of the illness, the duration of 
the illness, or the number of blocks 
examined. On the other hand, charac- 
teristic inclusions of Gy, gangliosi- 
dosis were easily found in the skin 
biospy specimens from another of our 
patients. In two patients with a 
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syndrome in which macular degenera- 
tion occurs without central nervous 
system symptoms, the skin biopsy 
specimens were negative. 

Our findings confirm the sugges- 
tion of Martin and Jacobs’ that char- 
acteristic inclusions in the skin biopsy 
specimen occur only in affected indi- 
viduals. Since we were able to identify 
all the affected individuals in the two 
families from this limited electron 
microscopical examination of the skin 
punch biopsy specimens, this tech- 
nique, if positive, appears to be a 
practical method for establishing the 
diagnosis of NCL and may also prove 
useful in identifying cases early in the 
course of their disease or in younger 
asymptomatic siblings. At what stage 
of the disease these changes occur is 
not established. However, the find- 
ings of typical inclusions in the rectal 
biopsy specimen of an asymptomatic 
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New Clinical Presentation, Enzyme Studies, and Carbohydrate Analysis 
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è Mannosidosis is a rare inborn error of 
metabolism characterized by deficiency 
of the lysosomal enzyme a-mannosidase 
and widespread storage of complex 
carbohydrate, which is enriched in man- 
nose. Two affected unrelated males, aged 
6 and 26 years, are reported. Both had a 
nonprogressive encephalopathy with 
moderately severe mental retardation. 
The older patient showed several unique 
features, including massive gingival hy- 
perplasia associated with histiocytes con- 
taining large amounts of a material with 
the staining characteristics of glycopro- 
tein. The best determinant of mannose 
storage proved to be the ratio of mannose 
to other carbohydrates in urinary polysac- 
charides. The enzyme deficiency in this 
disease is most convincingly demon- 
strated at pH values below 4.0. The ability 
of zinc to activate the mutant enzyme in 
vitro offers a possible mode of therapy for 
this disease. Retarded individuals with a 
Hurler-like appearance and gum hyper- 
plasia of unknown cause should be 
screened for a-mannosidase deficiency. 

(Arch Neurol 34:45-51, 1977) 


annosidosis is a generalized ly- 
M sosomal storage disease distin- 
guished by a low activity of a-manno- 
sidase and accumulation of mannose- 
containing oligosaccharides in nerve 
cells, liver, spleen, leukocytes, and the 
urine. Since Ockerman’s report in 1967 
of the first case,’ a total of 12 cases 
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have been described." The salient 
clinical features have included a 
dysmorphic gargoyle-like facial ap- 
pearance somewhat resembling that 
of patients with Hurler syndrome, 
moderate to severe mental retarda- 
tion, and clumsy motor coordination. 
Additional findings in some eases 
have included recurrent infections, 
lens opacification, hearing loss, and 
mild hepatosplenomegaly. Character- 
istic roentgenographic abnormalities 
of the calvaria, long bones, and verte- 
bral bodies have also been noted.*:*:" 
Vacuolated lymphocytes have been 
observed in the bone marrow of all but 
one case.’ 

In case 1, Carroll and associates“ 
found that liver a-mannosidase, most 
active at pH 4.4, was nonexistent and 
that the residual activity had a pH 
optimum of 6.0. Masson et al,’ 
studying three additional cases, con- 
firmed a nearly complete deficiency of 
acid a-mannosidase in both serum and 
leukocytes. The residual serum en- 
zyme activity had a pH optimum of 
5.5, but the leukocytes from these 
patients had no such residual enzyme 
activity. The parents of these patients 
had a level of a-mannosidase that was 
intermediate between those of the 
patients and normals, suggesting the 
heterozygous state of an autosomal 
recessive disorder. 

An animal counterpart of this 
disease was first described by Whit- 
tem and Walker in 1957." They 
reported the occurrence among Angus 
cattle in Australia of a progressive 
disease with ataxia, tremor, and 
failure to thrive. The animals usually 
died at 1 year of age. The brain 
neurons were ballooned with vacuoles 
containing sudanophilic-staining ma- 
terial. Similar cells with vacuoles were 


also found in the liver and reticuloen- 
dothelial system. High levels of man- 
nose-containing glycopeptides were 
found in these organs. Absence of 
a-mannosidase components with an 
acid pH optimum was eventually 
demonstrated." As in the human 
cases, the heterozygous state could be 
detected by the presence of a reduced 
amount of acid a-mannosidase activi- 
8 Pha 

We describe here two patients with 
this rare disease, recently diagnosed 
through blood enzyme testing. De- 
tailed clinical, morphologic, and bio- 
chemical studies of these patients 
have brought to light several unique 
features of mannosidosis not pre- 
viously described. 


REPORT OF CASES 


Case 1.—A 26-year-old male resident of a 
state school for the retarded was referred 
for evaluation of massive gum hyperplasia. 
The family history is unknown. The 
patient was the product of an uncompli- 
cated full-term pregnancy and a “pro- 
longed” labor. Birth weight, length, and 
head circumference are not known. Al- 
though he walked at age 1% years, at 3 
years he had no vocabulary, followed no 
commands, and was not toilet trained. At 7 
years, he was admitted to a state school 
fully toilet trained but speaking only a few 
words. He was in the 97th percentile for 
height, weight, and head circumference. 
General physical examination was normal, 
except for “gingivitis.” Over the next 19 
years, he learned to speak in short 
sentences, copy his name, and name all the 
letters in the alphabet. He was able to work 
in the school laundry as a messenger. Gum 
hyperplasia was noted at the age of 21. 

Physical Examination.—The _ patient’s 
height was 155 cm; weight, 83 kg; head 
circumference, 59.5 cm. He appeared tall, 
with a prominent jaw and forehead (Fig 1, 
top). His maxillary and mandibular gin- 
givae were flagrantly hyperplastic, multi- 


Mannosidosis—Kistler et al 45 


lobulated, and erythematous. The gingival 
tissue absorbed 50% to 100% of the clinical 
crowns of the teeth (Fig 2). Except for a 
slightly enlarged tongue, a one-finger- 
breadth palpable liver, and a right testic- 
ular hydrocele, there were no other abnor- 
mal physical findings. 

He was alert, pleasant, and cooperative 
about the ward, speaking in simple 
sentences, feeding and dressing himself, 
but not tying his shoes. Although his gait 
was slightly clumsy, the remainder of his 
neurological examination gave normal re- 
sults. An audiometric examination dis- 
closed a bilateral decrease in sensory recep- 
tion thresholds that improved with a 
hearing aid. On the Stanford-Binet Intelli- 
gence Scale, his mental age was 4.9, with 
an IQ rating of 24. The Leiter Interna- 
tional Performance Scale, which dis- 
counted his hearing disability, also re- 
vealed a mental age of 4.9, with an IQ 
below 30. 

Laboratory Data.—Although the complete 
blood cell count was normal, the peripheral 
blood smear and bone marrow contained 
vacuolated mononuclear cells. Appropriate 
blood tests disclosed normal renal, hepatic, 
pituitary, adrenal, and thyroid function. 
Quantitative urinary uronic acid level was 
normal. The Berry spot test was negative. 
A karyotype showed 46 chromosomes with 
normal morphology. Electromyographic 
and nerve conduction studies also gave 
normal findings. An EEG showed exces- 
sive beta frequencies. Skull roentgeno- 
grams showed an abnormally thickened 
ealvarium (Fig 3, top), with a widening of 
the diploie space occipitally. There was 
synostosis of the sagittal, coronal, and, to a 
lesser extent, the lambdoidal sutures. 
Multiple areas of thinning involved the 
upper third of the inner table. There was 
an anterior inclination of the planum sphe- 
noidale. The condylar processes of the 
mandible were misshapen. The medial 
right clavicle (Fig 3, center) was grossly 
deformed. The ribs (Fig 3, center) were 
quite broad and demonstrated coarse 
trabeculae. The dorsal and lumbar verte- 
bral bodies (Fig 3, bottom) were deformed 
with irregular cortication. As seen in the 
lateral projection, there was absence of the 
anterosuperior aspect of L-2 due to a hypo- 
plastic centrum, producing a deformity 
that has been termed “beaking.”” 

Case 2.—A 6-year-old boy had been deliv- 
ered by cesarean section at 30 weeks’ 
gestation because of placenta previa. Birth 
weight was 2,200 gm. Except for one 
febrile convulsion and frequent upper 
respiratory infections, his first year of life 
was uneventful. At 1 year, hepatospleno- 
megaly and bilateral inguinal hernias 
prompted herniorrhaphy, as well as open 
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Fig 1.—Top, Case 1. Anteroposterior (left) and lateral (right) views of face. Bottom, Case 
2. Anteroposterior (left) and lateral (right) views of face. Note prominent flattened nasal 
bridge and prominent jaw. 


Fig 2.—Case 1. Gingival surfaces showing marked hyperplasia. 





Fig 3.—Case 1. Roentgenograms of skull 
(top, lateral view), chest (center, pos- 
teroanterior view), and lumbar spine (bot- 
tom, lateral view). Top arrow demonstrates 
“breaking” of lumbar vertebrae and bot- 
tom arrows indicate irregular cortication of 
lumbar vertebral body. 


liver and spleen biopsies. He has subse- 
quently been in good health, but with slow 
mental and motor development. At 4 years, 
an audiogram disclosed sensory neural 
hearing loss, and a nonverbal Leiter Inter- 
national Performance Test determined his 
mental age to be 2.6 years. 

Physical Examination.—The  patient’s 
height was 112 cm (25th percentile); 
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Fig 4.—Case 2. Roentgenograms of skull 
(top, lateral view), chest (center, antero- 
posterior view), and thoracic spine (bot- 
tom, lateral view). 


weight, 21.5 kg (75th percentile); and head 
circumference, 50.6 em (25th percentile). 
Dysmorphic facial features included a flat- 
tened nasal bridge, prominent large fore- 
head, and prominent mandible and maxil- 
lary alveolar ridge. Except for a slightly 
enlarged liver and palpable spleen tip, 
findings from the remainder of his general 
physical examination were normal. His 


speech was limited to one-word answers, 
but he correctly identified body parts. He 
was not fully toilet trained. Cranial nerwe 
function, motor, and sensory examination 
gave normal results except for a slightly 
awkward wide-based gait, crude grasp, and 
bilateral sensory neural hearing loss con- 
firmed by audiography. 

Laboratory Data.—Rare vacuolated lym- 
phocytes were noted in the peripheral 
smear; otherwise, a complete blood cell 
count was normal. Results of urinalysis, 
liver function tests, serum immunoelectro- 
phoresis, and urine amino acid analysis 
were all normal. The Berry spot test was 
faintly positive. The EEG showed mild, 
generalized, nonspecific slowing. Roent- 
genographic study of the skull (Fig 4, top) 
showed a thickened calvaria, with consid- 
erable widening of the occipital diploé, 
premature synostosis involving the sagit- 
tal, coronal, and lambdoidal sutures, multi- 
ple areas of modest thinning of the inner 
table, especially in relation to the upper 
third of the calvaria, and exaggerated 
anterior inclination of the planum sphenoi- 
dale. The ribs were broad and displayed 
coarsened trabeculae. Configuration of the 
dorsal and lumbar vertebral bodies (Fig 4, 
bottom) in the lateral projection was only 
minimally irregular. The centra did not 
appear oval, and no anterior “beaking” was 
evident. 


RESULTS 
Pathologic Studies 


A gingival biopsy specimen was 
obtained from patient 1 at age 26 


years. Hematoxylin-eosin-stained sec- - 


tions showed that the submucosa was 
densely infiltrated with vacuolated 
histiocytes (Fig 5, top) admixed with 
lymphocytes and rare neutrophils in a 
background of edema and fibrosis. 
The vacuolated histiocytes were of 
two types. Some large cells exhibited 
irregular vacuoles that stained with 
Sudan black. Far more numerous, 
however, were cells with a repetitive 
pattern of regularly sized vacuoles. 
Each vacuole appeared to be sur- 
rounded by a faint reddish-blue halo. 
The granular material in some of 
these small vacuoles (Fig 5, bottom) 
stained amphophilic with hemotoxy- 
lin-eosin, negative with Sudan black, 
and positive with the PAS reagent. 
The bone marrows of both patients 
contained similar vacuolated mononu- 
clear cells. In case 2, PAS-positive 
vacuoles in the hepatocytes and Kupf- 
fer cells were present after diastase 
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digestion. The spleen from patient 2 
also contained vacuolated mononu- 
cféar cells, but they were not as 
densely packed as in the gingiva from 
patient 1. The gum biopsy specimen 
from the second patient appeared to 
be normal, without vacuolated histio- 
cytes. 

The vacuoles present in cells from 
the gingival biopsy specimen were 
further studied with the electron 
microscope (Fig 6). Each was sur- 
rounded by a single membrane and 
contained fine granular material. Cer- 
tain of the vacuoles also contained 
membranous whorls and tubular 
structures. 


Biochemical Studies 


Specimens of whole urine from both 
patients and age-matched controls 
were treated with cetylpyridinium 
chloride and centrifuged. Carbohy- 
drate-containing compounds were 
precipitated from the resulting su- 
pernatants by addition of ethanol and 
then analyzed by gas-liquid chroma- 
tography for their component sug- 
ars." The molar ratios obtained for 
galactose, mannose, and glucosamine 
are presented in Table 1. Specimens 
from the two patients contained twice 
as much mannose as galactose, where- 
as in controls, galactose was the more 
abundant sugar. An even larger 
increase was noted for the amount of 
glucosamine, which was threefold to 
fivefold greater in the patients’ urine 
than in the control specimen. 

Thin-layer chromatography of 
whole urine according to the condi- 
tions of Humbel and Collart’* revealed 
the presence of a series of orcin- 
positive bands that appeared to be 
similar to those detected in the urine 
of patients with mannosidosis. These 
bands were not present in chromato- 
graphs of normal urine. 

Enzyme activity was measured in 
citrate-phosphate buffer at pH 3.5 for 
serum and fibroblasts and at pH 4.0 
for the leukocyte activity. The values 
for serum and leukocytes from each 
case were less than 5% of those of 
controls (Table 2). As the pH was 
increased above 3.5, the a-mannosi- 
dase activity also increased, but the 
differences between controls and 
cases 1 and 2 narrowed at the higher 
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Fig 5.—Case 1. Top, Photomicrograph of gingiva. Macrophages in center of field with 
finely reticulate character to cytoplasm are typical of cells containing abnormal 
polysaccharide. Around periphery of field, cells with large irregular vacuoles are lipid- 
laden macrophages (hematoxylin-eosin, X 1,300). Bottom, Photomicrograph of glyco- 
protein-laden gingival cell stained with PAS reagent. Positive staining material in cell 
cytoplasm assumes regular reticular-like appearance ( x 1,850). 


Rts 


Fig 6.—Case 1. Electron micrograph of gingival biopsy specimen showing macrophage 
filled with membrane-bound vacuoles containing concentrated finely granular material. 
N indicates nucleus; V, vacuole; D, dermis. 
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Table 1.—Galactose, Mannose, 
and Glucosamine Composition of 
Carbohydrate-Containing 
Compounds in Urine 


Table 2.—a-Mannosidase Activity 
of Serum, Leukocytes, and 
Cultured Skin Fibroblasts 











Leuko- Fibro- 
Serum* cytes; blasts? 


Patient 1 


17 7 50 
11 11 20 








Molar Ratio* 


HM 









Gluco- Patient 2 
| Galactose Mannose samine Mother of 
Patients patient 2 21 142 NDi 
Controls 
(N = 6) 36-72 231-494 106-268 





“Expressed as nanomoles per milliliter of 
serum per hour. 

TExpressed as nanomoles per milligram of 
protein per hour. 

tNot done. 





*Galactose arbitrarily chosen as reference 
monosaccharide. 
Not done. 





Table 3.—Effects of Zinc and Cobalt lons on Leukocyte Acid 
a-Mannosidase Specific Activity* 











Time of Incubation, min 


OT 


Metal lon 10 20 30 60 90 120 





Specimen 









5 mM ZnSO, 
Control — 288 261 239 187 177 180 




















+ 456 394 402 298 278 284 

% Change +58 +51 +68 +59 +57 +58 
Mannosidosis — 8.4 ST 5.6 2.6 2.1 se, 
+ 15.8 12.4 11.6 9.1 8.5 10.0 

% Change +88 +118 +107 + 250 +305 + 408 

5 mM Co(NO.), 

Control a 343 288 223 281 216 198 

+ 308 255 240 198 178 172 

% Change —10 —11 +8 —30 —18 —13 
Mannosidosis _ 7.7 6.1 4.0 2.5 2.0 1.1 
+ 14.2 12.5 12.1 11.3 10.9 10.0 

% Change +84 +105 + 203 + 352 + 445 + 809 





*Exoressed as nanomoles per milligram of protein per hour. 


ions. These effects were observed at 
metal ion concentrations as low as 0.5 
mM and were maximal or near 
maximal at 2 mM final concentra- 
tion. 

Although the substrate concentra- 
tions employed in assays of leukocyte 
a-mannosidase activity were satura- 
ting and a linear response was 
obtained with increasing amounts of 
enzyme protein, a modest but progres- 
sive decline in specific activity oc- 
curred as the duration of incubation 
was extended from 10 to 120 minutes 
(Table 3). This reduction was rela- 
tively greater in leukocyte prepara- 
tions from patients (minus 80% to 
90%) than from controls (minus 35% to 
40%). Zine and cobalt ions not only 
stimulated but also stabilized the 
leukocyte a-mannosidase activity of 


pH values. Assays of a-mannosidase 
activity in serum and leukocytes from 
the mother yielded results interme- 
diate between those of the patients 
and controls (Table 2). Normal 
amounts of enzyme activity were 
obtained with leukocytes from both 
patients for other lysosomal hydro- 
lases including a- and f-glucosidase, 
a- and £-galactosidase, a-fucosidase, 
§-glucuronidase, aryl sulfatase A, and 
hexosaminidases A and B. 

Both control and patient leukocyte 
acid a-mannosidase activities were 
stimulated by zinc sulfate (Table 3). 
The small amount of enzyme activity 
in patient leukocytes was also stimu- 
lated by cobalt nitrate, but the zinc 
and cobalt effects were not additive. 
Control enzyme preparations, in con- 
trast, were slightly inhibited by cobalt 
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patients so that enzyme specific activ- 
ity was more linear over a period of 
time. Bi 


COMMENT 


The salient clinical features present 
in these two patients were dysmorphic 
gargoyle-like facial features, general- 
ized nonprogressive mental retarda- 
tion, sensory neural hearing loss, and 
a relatively benign general medical 
course. Excessive gum hyperplasia 
containing PAS-positive storage ma- 
terial was a unique feature present in 
our 26-year-old patient. Biochemical 
confirmation of the diagnosis was 
made by demonstrating, with artifi- 
cial substrate, that acid a-mannosi- 
dase activity was markedly deficient 
in serum, leukocytes, and cultured 
skin fibroblasts of both patients. Zine 
ions stimulated the residual enzyme 
activity. In their urine, the mannose 
content relative to other sugars was 
increased. Although occasional vacuo- 
lated mononuclear cells were found in 
the peripheral smear, they were far 
more prevalent in the bone marrow of 
both patients. 

Although still small, the available 
case experience (Tables 4 and 5) in 
mannosidosis allows certain generali- 
zations. The disease is presumed to 
cause skeletal changes with age, and 
in one case progressive gingival 
hyperplasia. The pathological hall- 
mark of this disease is the storage of 
PAS-positive material (presumably 
mannose-containing oligopeptides) in 
many organs including brain, liver, 
spleen, and bone marrow.::** In addi- 
tion, the accumulation of PAS-posi- 
tive material within histiocytes of the 
gingiva specimen from patient 1 was 
striking. In the only case in which an 
autopsy was done,’ PAS-positive ma- 
terial was found in neurons of the 
cerebral cortex, brain stem, spinal 
cord, myenteric plexus, and to a lesser 
extent in the basal ganglia and cere- 
bellum. 

Increased quantities of mannose- 
rich oligosaccharides have been iso- 
lated from brain,’ liver, and 
urine’ of patients with mannosi- 
dosis. However, total urinary excre- 
tion of carbohydrate can vary widely.® 
Consequently, in order to demonstrate 
an increase in the urinary excretion of 
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Table 4.—Clinical Findings in Mannosidosis 









Neurological Features* General Physical Features* 


————_————— OTe 

























Delayed Lens of 
Speech Dysmor- Cornea Hepato- 
and Motor Hearing Recurrent phic Opacifi- spleno- Testicular 
Case/Age/Sex Development Impairment MR infections Face cation megaly Hydrocele Reference 
1/4 yr 6 mo/M + + + + + — 1,2 
27/7 yr/F + + + + 4 
Cornea 
34/4 yr/F + + + + 4 
Cornea 
4+/9 yr 10 mo/M + + + + - 5 
6/2 yr 10 mo/M + + + + + + 5 
+ - + 
+ + + — 





7/10 mo/M 6 
8/4 yr/M + + 11 
esent report, 


13/26 yr/M + + + — + — — + Pr 















14/6 yr/M + Present report, 
case 2 


*+4 indicates presence, — absence. MR indicates mental retardation. 
Patients 2 and 3, and patients 4 and 5, are siblings. 





Table 5.—Roentgenographic and Laboratory Features in 14 Patients 














Mannose- 
Vacuolated Containing 
Cells in Roentgenogram Complex a-Mannosidase 
Bicod/Bone ———— eee eeesesesesesFfFSFféSH” Carbohydrates Deficiency 
Marrow* Skull Long Bones Increased in Measured in Reference 

















Normal age 2⁄2 Normal age 2% Brain, Liver, 1-3,8,10 
liver spleen, 
brain 







Discrete skeletal 














































changes 
Discrete skeletal Urine 
changes 
4 + Thick calvaria Vertebral body changes, Urine, Liver, 
thin cortex of long liver leukocytes, 
bones serum 
Thick calvaria Vertebral body changes, Urine Leukocytes, 5,7,9 
thin cortex of long serum 
bones 
Thick calvaria, Vertebral body changes, Urine Leukocytes, 5,7,9 
sagittal suture, thin cortex of long serum 
closed base of skull bones 

















Thin long bones Urine Fibroblasts 6 


Partial cranio- Vertebral body changes Leukocytes, 
synostoses serum, 
fibroblasts 
Serum, 
fibroblasts 















Vertebral body changes 


















13 + Thickened calvaria, Deformed right clavicle, Urine Serum, Present report, 
synostoses, broad ribs leukocytes, case 1 
areas of thinning “beaking"’ of L-2 fibroblasts 


















Thickened calvaria, Broad ribs Urine Serum, Present report, 
synostoses, leukocytes, case 2 
areas of thinning fibroblasts 







*+ indicates presence, — absence. 
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mannose, a fraction containing com- 
plex carbohydrates must first be 
isolated. A relative increase in the 
mannose content was clearly observ- 
able in this fraction from the urine of 
both of our patients and has also been 
reported in cases 2 through 7. 

The complex urinary carbohydrate 
fraction in mannosidosis also contains 
a relative increase in glucosamine (our 
patients, case 7). This hexosamine has 


been identified within the trisaccha- 


ride isolated from the urine of three 
patients with mannosidosis’ and has 
been proposed as a component in a 
pentasaccharide believed to accumu- 
late in this disease.’ Since mannose 
and glucosamine are common compo- 
nents of the inner oligosaccharide core 
of glycoproteins, mannosidosis should 


be regarded as a disorder of glycopro- 


tein metabolism. 

Thin-layer chromatograms of urine 
from patients with mannosidosis have 
revealed the presence of three distinct 
bands“ reportedly rich in mannose." 
If the specificity of this observation 
can be confirmed for a larger number 
of cases, it might serve as an initial 
screening procedure for mannosidosis 
much as the Berry spot test aids in the 
preliminary diagnosis of mucopolysac- 
charidoses. 

The a-mannosidase activity of hu- 
man tissues can be separated on the 
basis of pH-activity profiles into two 
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principal types, a lysosomal form with 
an acid pH optimum and a cyto- 
plasmic variety that has a more 
neutral pH optimum.*'°"*?_ Lyso- 
somal a-mannosidase, which is further 
separable into A and B components, is 
markedly defective in mannosido- 
sis. The neutral activity is not 
affected in this disease. Assays for 
a-mannosidase activity are generally 
performed with artificial substrates, 
but studies with mannose-rich oligo- 
saccharides from the brain’? and 
urine” of patients with mannosidosis 
have confirmed the deficit in acidic 
enzyme activity. 

The largest percent differences in 
a-mannosidase activity between con- 
trols and patients are found at pH 
values below 4.0. Above this pH, there 
is interference by neutral a-mannosi- 
dase activity, particularly in serum. 
This may account, at least in part, for 
the previously described difficulties in 
detection of obligate heterozygotes 
for mannosidosis.° The residual acidic 
a-mannosidase activity in mannosi- 
dosis liver, spleen, and brain can be 
activated by both Zn** and Co**.2' The 
present study extends this observa- 
tion to leukocytes. In addition, we 
have observed each of these metal ions 
to stabilize this activity over time, 
thus preventing the near-total loss of 
enzyme activity that occurs in two- 
hour incubations of patient enzyme. 
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These findings suggest the possibility 
of using dietary zinc or cobalt supple- 
ments to treat mannosidosis. ~ 
Gingival hyperplasia in the mental- 
ly retarded population is most com- 
monly caused by the chronic use of 
phenytoin, which is prescribed for 
seizures. Our findings from case 1 
indicated that a-mannosidosis should 
be considered in all mentally retarded 
individuals whose gingival enlarge- 
ment cannot be directly attributable 
to this medication, particularly those 
with dysmorphic facial features. I-cell 
disease“ and Hurler syndrome” have 
also been associated with gum hyper- 
plasia, but the dental morphology and 
histology are readily differentiated 
from the gingival pathologic findings 
of a-mannosidosis. In contrast to 
many of the other storage diseases 
involving brain, mannosidosis has a 
relatively benign clinical course. The 
in vitro findings of enzyme stimula- 
tion by zine suggest a possible thera- 
peutic approach to the disorder. Such 
as advance, if technically feasible, will 
depend in part on early diagnosis. 
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Fine Structure of the Cerebellar Cortex 


in Menkes Kinky-Hair Disease 


X-Chromosome-Linked Copper Malabsorption 


Asao Hirano, MD; Josefina F. Llena, MD; Joseph H. French, MD; Nitya R. Ghatak, MD 


è The cerebellar cortices in two pa- 
tients with X-chromosome-linked copper 
malabsorption (Menkes kinky-hair dis- 
ease) were examined with both the light 
and electron microscope. Somatic 
sprouts and grotesque dendritic arboriza- 
tion were among the obvious light micro- 
scopical changes. At the fine structural 
level, the Purkinje cells were character- 
ized by the presence of somatic spines 
although the surviving granule cells had 
already descended. Most spines were 
parts of synaptic complexes, but some 
were unattached to any presynaptic 
element. Similar spines were also ob- 
served on dendritic trunks. Astrocytic 
gliosis and nonspecific endothelial cell 
changes were noted. 

(Arch Neurol 34:52-56, 1977) 


n 1962 Menkes and colleagues’ 
described a sex-linked, hereditary 
disorder affecting the central nervous 
system as well as normal develop- 
mental processes. This condition, 
which came to be known as kinky-hair 
disease? but may more properly be 
referred to as X-chromosome-linked 
copper malabsorption (X-cLCM)’ is 
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characterized by seizures, develop- 
mental retardation, and characteristic 
changes of the hair. The symptoms 
commence in early infancy and the 
patients usually die before reaching 
school age. 

Pathological changes consisting of 
neuronal loss and associated gliosis, as 
well as some degeneration of certain 
regions of the white matter, are wide- 
spread throughout the central nervous 
system.’ The cerebellar cortex is one 
of the more severely affected areas. 
Neuronal loss is prominent in the 
internal granule cell layer, and the 
molecular layer is thinned. Purkinje 
cells are also lost; interestingly, the 
surviving Purkinje cells show a char- 
acteristic elaboration of somatic 
sprouts and a thickening, and often 
grotesque, proliferation of the den- 
dritic tree.™ 

We have recently studied two cases 
of X-cLCM and have examined the 
cerebellar cortex in the electron 
microscope. 


PATIENTS 


The two patients died of pneumonia at 
18 (ease 1) and 25 (case 2) months of age, 
respectively. Both manifested the usual 
clinical features of X-cLCM. The 25-month- 
old patient had one sibling, the subject of a 
previous brief clinical report,” who had died 
of the same disease at age 18 months. 


METHODS 


Selected areas of the cerebellum from 
each patient were removed at the time of 
autopsy, fixed in 5% glutaraldehyde in 
1/15M phosphate buffer, pH 7.4, and post- 


fixed in osmic acid. The tissue was dehy- 
drated in alcohol and embedded in Epon 


` after two changes of propylene oxide. The 


remainder of the brain was fixed in 
formaldehyde and prepared for routine 
neuropathologic study. 


RESULTS 


The neuropathological findings in 
both cases were essentially the same. 
Variations will be specifically pointed 
out. 


Light Microscopical 
Findings 

The cerebellum in kinky-hair dis- 
ease was distinctly smaller than the 
cerebellum of normal children of 
comparable age. The folia were mark- 
edly thinner and the sulci widened. 
The overall architecture of the cere- 
bellum was relatively well preserved, 
but each later showed profound 
changes. 

The molecular layer was very thin 
and the overall pattern of the cell 
processes was vertical because of the 
decreased number of parallel fibers 
and prominent increase of Bergmann 
fibers. The usual cellular content of 
the molecular layer was greatly 
reduced. Nevertheless, after silver 
impregnation, substantial numbers of 
parallel fibers were identified. 

The Purkinje cell layer was also 
detectable but showed considerable 
change from the normal. In case 2 the 
Purkinje cells were relatively well 
preserved and, while most areas 
showed some loss, the majority were 
retained. In case 1, on the other hand, 
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Purkinje cell loss was much more 
conspicuous. In addition, rather than 
being surrounded by Bergmann glia, 
the surviving Purkinje cells were 
often found below a prominent sheet 
of soma of Bergmann astrocytes. 

The Purkinje cells themselves were 
normal in size or slightly enlarged. 
Unlike the normal cerebellum, how- 
ever, the Purkinje cells in X-cLCM 
often lacked a distinct outline in 
hematoxylin-eosin preparations. Of- 
ten, they were vague and indistinct in 
outline and showed an eosinophilic 
cytoplasm with ill-defined Nissl bod- 
ies. Occasionally, large, radiating so- 
matic processes were visible in these 
preparations. In silver impregnation, 
these processes were very obvious; 
numerous smaller processes, the so- 
matic sprouts, radiating in all direc- 
tions, were also evident. These sprouts 
were especially pronounced in case 2 
(Fig 1). The dendrites were more 
developed than those of the normal 
cerebellum, showing thicker trunks 
and an exaggerated, irregular pattern 
of arborization. The axons were essen- 
tially normal except for occasional 
torpedo formation. 

Severe reduction in the numbers of 
granule cells characterized the inter- 
nal granule cell layer. It was very thin 
and the usual glomerular pattern 
around mossy fiber endings was not 
apparent. 

The white matter was reduced in 
volume. The most obvious change was 
extensive astrocytic gliosis associated 
with loss of myelinated fibers. 


Electron Microscopical 
Findings 


The most obvious finding was the 
presence of large numbers of somatic 
spines on the Purkinje cells (Fig 2). 
These protrusions had no internal 
organelles except for an occasional 
cistern of the smooth endoplasmic 
reticulum and some fibrillar or gran- 
ular electron-dense material. Most 
were attached to large presynaptic 
endings, presumably derived from 
climbing fibers, which contained nu- 
merous synaptic vesicles and a num- 
ber of mitochondria. The region of 
attachment was characterized by a 
dense, postsynaptic membranous 
thickening in the somatic spine. 
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Occasionally, spines were seen com- 
plete with postmembranous densities 
that were not attached to presynaptic 
endings. These unattached spines 
were found in the vicinity of the 
Purkinje cell soma but, because of 
their sometimes tortuous shape, could 
not always be traced directly to the 
Purkinje cell cytoplasm. 


— 


Fig 1.—Case 1. Patient with X-chromosome- 
micrograph of cerebellar cortex. Four Purki 
visible (Bielschowsky, x 200). Bottom, High-magnification light micrograph of Purkinje 
cell in cerebellar cortex. Somatic sprouts are visible as well as abnormal dendritic tree 
(Bielschowsky, x 400). 
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linked copper malabsorption. Top, Light 
nje cells displaying somatic sprouts are 


Other protrusions, apparently de- 
void of postmembranous thickenings 
but otherwise identical to the spines, 
were also seen arising from the 
Purkinje cell soma. Many of these may 
have been spines sectioned so as to 
omit the postmembranous thicken- 
ing. 

Although markedly reduced in num- 
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ber, some presynaptic endings were 
found to abut directly on the Purkinje 
cell membrane. These were presum- 
ably derived from the few remaining 
basket cells. At these sites no spines 
were present, but a postmembranous 
thickening could be observed at the 
smooth Purkinje cell membrane. 

The normal astrocytic investment 
of the Purkinje cell soma was main- 
tained. In general the Purkinje cell 
surface was covered by astrocytic 
processes except where interrupted by 
attached spines or other synapses. The 
astrocytic processes at the cell surface 
occasionally showed abnormally large 
accumulations of glial fibers. Unat- 
tached spines and other protrusions 
were embedded in an_ astrocytic 
matrix. 

The dendritic surface of the Pur- 
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( x 18,000). 


kinje cells was decorated by pro- 
cesses similar to those seen on the 
soma (Fig 3). Dendritic spines at- 
tached to presynaptic endings were 
seen on dendritic trunks as well as on 
the tertiary branchlets. Most of these 
were attached to parallel fiber end- 
ings. A few unattached spines and 
protrusions were also present and 
these, too, were embedded in an astro- 
cytic matrix. 

Fine structural study of the axonal 
torpedoes revealed enormous accumu- 
lations of neurofilaments mixed with 
other axonal contents that caused the 
distention of the axon seen in the 
optical microscope. 

The cytoplasm of the Purkinje cells 
often appeared unremarkable. Fre- 
quently, however, as previously de- 
scribed,’ there were abnormally large 





Fig 2.—Electron micrographs of cerebellar cortex of patients with 
X-chromosome-linked copper malabsorption. Surface of Purkinje 
cell is decorated by numerous spines (A) attached to presynaptic 
terminals. Other spines (large arrows), complete with postmem- 
branous densities, are unattached to presynaptic endings. 
Several spine-like processes (small arrow) are enveloped by 
astrocytic elements. Left, Case 1 (x 15,000). Right, Case 2 


accumulations of mitochondria in 
some areas. Some of the mitochondria 
contained osmiophilic granules.* 

The superficial strata of the molec- 
ular layer showed pronounced gliosis 
(Fig 4). These astrocytic processes 
appeared essentially circular in sec- 
tion. Some were filled with glial fibers 
while others contained glycogen gran- 
ules. 

The small blood vessels of the cere- 
bellar cortex and the overlying me- 
ninges showed certain subtle changes. 
The endothelial cells sometimes con- 
tained several tubular bodies, occa- 
sional tubule-containing vacuoles, and 
some areas of increased numbers of 
filaments and microtubules. Pinocy- 
totic vesicles were unusually frequent, 
and occasional coated vesicles were 
seen. The perivascular spaces were 


Cerebellar Cortex in Menkes Disease—Hirano et al 


y — 


widened and contained electron-dense 
material in addition to the basement 
membrane. The leptomeningeal peri- 
vascular spaces contained increased 
numbers of collagen fibers, some of 
which were several times wider than 
normal. 


COMMENT 


Aside from neuronal loss, one of the 
most conspicuous changes in the cere- 
bellar cortex in X-cLCM was the 
appearance of somatic sprouts. In the 
electron microscope, the most note- 
worthy deviation was the appearance 
of somatic spines. Both of these 
features appear to be normally pres- 
ent in younger cerebella.*® We have 
examined the fine structure of Pur- 
kinje cells in normal cerebella of 2- 
and 2!2-year-old children (unpublished 
observation). No somatic spines were 
observed. Similarly, others have 
shown that in experimental animals, 
somatic spines in Purkinje cells nor- 
mally disappeared well before most of 
the external granule cells have de- 
scended.** In the X-eLCM cerebellum 
of the 2-year-old child, the external 
granule cells have descended but the 
somatic spines were still retained. 

Thus, from both these points of 
view, the presence of somatic sprouts 
and the retention of somatic spines in 
the Purkinje cell, the kinky-hair cere- 
bellum seems to represent a state of 
retarded development. A similar con- 
clusion was reached with regard to the 
cerebellum of a murine mutant, the 
staggerer."" In this animal, too, nu- 
merous somatic spines were present 

even after the descent of many 
granule cells. In the staggerer, how- 
ever, the animals survive so that the 
somatic spines eventually disappear. 
The similarity between staggerer and 
X-cLCM cerebellum extends also to 
the presence of occasional unattached 
spines." 

The two conditions differ, however, 
in several important ways. In the 
staggerer, the bulk of the granule cells 
degenerate shortly after descending," 
whereas in X-cLCM many granule 
cells are retained. Concomitantly, vir- 
tually no synapses between parallel 
fibers and Purkinje cells are seen in 
the staggerer":'* while they are easily 
found in X-cLCM cerebellum. On the 
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Fig 3.—Case 2. Dendritic processes 
unattached (arrow) spines and s 


x 20,000). 
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(D) of Purkinje cells, showing attached (A) as well as 
pine-like processes (X) (top, x 30,000; bottom, 
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other hand, Purkinje cells are often 
lost in X-cLCM disease but seem to be 
well preserved in the staggerer. In 
addition, the staggerer mouse shows a 
severe disruption of the normal pre- 
cise alignment of the cerebellar cor- 
tex; in X-cLCM, the overall cytoarchi- 
tecture is fairly well maintained. 
Finally, the astrocytic reaction in the 
staggerer mouse results in an exten- 
sive proliferation of sheet-like pro- 
cesses, while in X-cLCM cerebellum, 
the astrocytic processes are smaller 
and basically cylindrical in most 
areas. 

The origin of the unattached spine 
is the subject of substantial litera- 
ture.’ They are found in a number 
of mutant mice and after various 
experimental manipulations. In the 
human, they are found in a granular 
cell type cerebellar degeneration” as 
well as in X-cLCM. Recently, optical 
studies using the Golgi method have 
been applied to several cases of 
mentally retarded children and in 
Tay-Sachs disease (D. P. Purpura, 
MD, K. Suzuki, MD, oral communica- 
tion, 1976). Both somatic and dendritic 
filopodia or spine-like extensions have 
been observed in the latter two condi- 
tions; their fine structure is currently 
under study (D. P. Purpura, K. Suzuki, 
MD, oral communication, 1976). 
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Fig 4.—Case 2. Numerous astrocytic processes, some filled with dense fibrils, others 
appearing pale and containing glycogen granules, with only sparse fibrils ( x 7,000). 


Vascular changes have been re- 
ported in X-cLCM.*® Our study of the 
small blood vessels in the cerebellum 
showed distinct changes. These, how- 
ever, are similar to those seen in a 
variety of other conditions and proba- 
bly do not represent a specific altera- 
tion. 

A defect in copper absorption has 
been suggested as the fundamental 


References 


the Nervous System to Ionizing Radiation. 
Boston, Little Brown & Co, 1964, pp 476-508. 

7. Cajal SR: Degeneration and metamorphic 
processes consequent on cerebellar traumatism, 
in Degeneration and Regeneration of the Nervous 
System. New York, Hefner Publishing Co, 1959, 
vol 2, pp 616-630. 

8. Paley SL, Chan-Palay V: Cerebellar Cortex. 
New York, Springer-Verlag, 1974. 

9. Kreutzberg GW: Advances in Neurology, 
Vol 12: Physiology and Pathology of Dendrites. 
New York, Raven Press, 1975. 

10. Sidman RL, Lane PW, Dickie MM: Stag- 
gerer, anew mutation in the mouse affecting the 
cerebellum. Science 137:610-612, 1962. 

11. Hirano A, Dembitzer HM: The fine struc- 
ture of staggerer cerebellum. J Newropath Exp 
Neurol 34:1-11, 1975. 

12. Sotelo C, Changeux JP: Trans-synaptic 
degeneration “en cascade” in the cerebellar 
cortex of staggerer mutant mice. Brain Res 
67:519-526, 1974. 

13. Hirano A, Dembitzer HM: The fine struc- 
ture of astrocytes in the adult staggerer. J 


Cerebellar Cortex in Menkes Disease—Hirano et al 


genetic error leading to the various 
symptoms and signs associated with 
kinky-hair disease.* Whether this de- 
fect is directly related to the cere- 
bellar changes observed here and, if 
so, the mechanism involved, are at this 
time obscure. 
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Letters to the Editor 


The “Respirator Brain” 


To the Editor._The letter by Dr 
Adams on the “respirator brain” and 
the reply by Dr Walker in the August 
issue of the ARCHIVES. (83:589, 1976) 
indicates the degree to which this 
subject is plagued: by conceptual diff- 
culties. Dr Adams implicates autolytic 
changes occurring postmortem in the 
sense of occurring after brain death, 
while Dr Walker continues to affirm 
that agonal or premortem events are 
involved, at least in part. The word 
autolysis means self-dissolution, im- 
plying indigenous changes not related 
to continued blood flow and the 
influence of hematogenous cells or 
enzymes. It is an extension of the 
literal meaning of the word to imply 
that autolysis is not “vital,” that it 
must of necessity be postmortem. 
Those of us who believe that most 
macrophages observed in cerebral 
infarcts are indigenous in origin could 
view the evolution of such infarcts as 
being partially autolytic, even when 
occurring many years before death. 
Dorland’s Illustrated Medical Dic- 
tionary (24th edition) indicates such 
usage. 

Brain death is a concept with its 
own difficulties, and I have not been 
able to determine clearly if this term 
implies that all brain cells are dead, 
that all cerebral neurons are dead, or 
merely that so large a proportion of 
neurors are dead that it is justified to 
discontinue life support measures and 
possibly to remove organs for trans- 
plantation. To a pathologist not faced 
with such clinical problems, it seems 
preferable to put aside the question of 
when brain death has occurred, and 
therefore, which changes are “vital” 
and which postmortem, and to try to 
define the nature and pathogenesis of 
the changes observed without such 
reference. Aside from any primary 
disease when the train of events 
leading to the “respirator brain” is 
initiated by a cerebral process, the 
brain changes appear to be a combina- 
tion of severe hypoxic changes and 
severe edema, the edema itself an 
hypoxic change possibly related to the 
acidosis occurring in those with defi- 
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cient respiration anid requiring a 
respirator.’ As a terminal event in 
some cases, the edema may be so 
severe that intracerebral pressure 
exceeds arterial pressure, and blood 
flow to the brain ceases, but this is the 
final turn of a vicious spiral of injury, 
the hypoxia causing edema and the 
edemia increasing the hypoxic injury, 
and not the basic cause of the brain 
injury. The changes are not like those 
seen in the brain when autopsy is 
delayed for some days. 

As one involved in both the Collabo- 
rative Study on Ceretral Survival, and 
the questionnaire to the members of 
the American Associetion of Neuropa- 
thologists that so disturbed Dr 
Adams, I can fully confirm the 
validity of his concern with the am- 
biguities of the pathologic criteria 
used in the study and in the wording 
of the questionnaire. 


I. Fercin, MD 

Dept of Pathology l 

New York Univ Med Center 
School of Medicine 

New York, NY 10016 
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Focal Motor Seizures 


To the Editor.—In their recent article ` 


in the ARCHIVES (83:536, 1976), Collins 
et al report that the uptake of carbon 
14-labeled 2-deoxygilucose is increased 
in. the thalamus during severe focal 
seizures with or without bilateral 
spread; they attribute the changes in 
their autoradiographs. to increased 


‘neuronal metabolism associated with 


seizure spread. A number of years 
ago, my associates and I' reported a 
study of the influence of 25% CO, on 
the uptake of sulfur 35-labeled sulfate 
by brain and demonstrated autoradio- 
graphic changes that are very similar 
in appearance to taose of Collins and 
co-workers, that is, a patchy increase 


in radioactivity in the thalamus of _ 


some animals. We referred in that 
article to still eariter studies by Lee 


and Olszewski? and Rozdilsky and 
Olszewski* who demonstrated a simi- 
lar pattern in animals subjected te 
electroshock in studies using radioio- 
dine-lateled albumin. We concluded 
that the changes in both studies were 
due to selective alterations in brain 
permeability secondary to CO,. Car- 
bon dioxide ‘has been shown to 
increase brain permeability to a num- 
ber of drugs, dyes, and even viruses, 
but its effect on carrier-mediated 
transport systems in brain have not 
been studied to my knowledge. 

It is possible that the autoradio- 
graphie findings of Collins et al can; in 
part, te explained in a similar way 
with either local or systemic increases 
in CO,. resulting in increased permea- 
bility of 2-deoxyglucose rather than 
reflect.ng only increased metabolic 
utilizazion of glucose. A similar effect 
on permeability may contribute to the 
changes observed in the cerebral 
cortex. | | 

The 2deoxyglucose technique has 
been shown to correlate well with 
metakolic activity under physiologic 
conditions, but this correlation may 
not be valid in pathologic situations 
such as severe seizures. An obvious 
control experiment would be to deter- 
mine the effects of hypercarbia on 2- 
deoxyglucose uptake. 


M. A. GOEDBERG, PHD, MD 
Depts of Neurology and 
Pharmacology - 
. UCLA School of Medicine 
Liv of Neurology 
Harbor General Hospital Campus - 
Torrance, CA 90509 


1. Goldberg MA, Barlow CF, Roth LJ: Abnor- 
mal brain permeability in CO, narcosis. Arch 
Neuro! 9:66, 1963. 

2. Lee JC, Olszewski J: Increased cerebrovas- 
cular permeability after repeated electroshocks. 
Neurology 11:515, 1961. i 

3, Fozdilsky B, Olszewski J: Permeability of 
cerebral blood vessels studied by radioactive iodi- 
nated bovine albumin. Neurology 7:270, 1957. 


In Reply._Hyperearbia decreases 2- 
deoxyglucose (2-DG) uptake in brain.' 
This reflects a true decrease in glucose 
utilization during hypercarbia, as 
there is both a decreased need for 
glucose since metabolie rate is de- 
pressed,” and there is an inhibition of 
glycolyses mediated by the effect of 
pH on phosphofructokinase.* Uptake 
of 2-DG is mediated by the glucose 
carrier and is dependent on concentra- 
tior but independent of blood flow. As 
used in our study, it would be indepen- 
dent of a breakdown in the blood brain 
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-barrier. The autoradiographic density 
reflects 2-DG that has been metabo- 
tized by hexokinase and trapped as 2- 
DG-¢phosphate. Forty-five minutes 
after an intravenous bolus injection, 
less than 10% would still remain in the 
precursor pool. The arterial plasma 
concentration of 2-DG decreases ex- 
ponentially after a single injection, 
and even if this were freely diffusable 
with extracellular spaces it would not 
add detectably to the autoradiograph- 
ic picture. 

Breakdown of the blood brain 
barrier during recurrent generalized 
seizures in animals is a complex 
_ phenomenon. Recent work by Petito 
et al,‘ using Olszewski’s model in rats, 
suggests that the morphologic basis 
may be an increase in pinocytosis in 
small blood vessels in the thalamus, 
which. is partly dependent on blood 
pressure. Radioactive materials that 
leak into extracellular spaces indeed 
look “patchy” on autoradiographs,° 
unlike 2-DG autoradiography in which 
the metabolic product remains trap- 
ped in cells and their processes’ and 
outline specific nuclear groups.’ 


R. C. CoLLINsS, MD 

Dept of Neurology 

Washington Univ School of Med 
St Louis, MO 63110 
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Chronic Cerebellar Stimulation 


To the Editor.—In the recent article 
“Chronic Cerebellar Stimulation in 
Epilepsy” (Arch Neurol 33:559, 1976), 


Cooper et al suggest that one of the . 


criteria for selection of patients must 
be imtractability to all known thera- 
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peutic medications, 

First, it should be pointed out that 
three patients in Dr Cooper’s series 
who had myoclonus and grand mal 
seizures did not get a trial of the two 
most effective therapeutic regimens 
for this condition, L-5-hydroxytrypto- 
phan (L-5HTP) with carbidopa and 
clonazepam (Clonopin).'> In 18 pa- 
tients with intention myoclonus either 
due to anoxia or.other brain damage, 
we .observed that 61% derived a 
greater than 50% overall improvement 
during treatment with L-5HTP in 
combination with carbidopa. Sixty- 
seven percent of these patients had 
grand mal seizures that became under 
better contro] with standard anticon- 
vulsants during L-5HTP and carbi- 
dopa therapy. Similar symptomatic 
improvement in myoclonus and sei- 
zures was also noted in patients with 
hereditary progressive myoclonus epi- 
lepsy. We, as well as others, have also 
found clonazepam to be effective 
therapy in patients with intention 
myoclonus with and without seizures. 


In some of. our patients, optimal. 
therapy on a long-term basis has been ` 


the combination of L-5HTP with 
carbidopa and clonazepam. Therefore, 
we believe that patients with myoclo- 


‘nus and grand mal seizures should 


have a trial of L-5HTP with carbidopa 
as well as clonazepam before a neuro- 
surgical procedure that carries a much 
greater risk is considered. 

Second, the measurement of blood 
levels of antiepileptic drugs appears 
to have been performed.in some 
patients in Dr Cooper’s series, but not 
in others. In view of the accumulating 
weight of evidence that seizure 
control is generally improved when 
antiepileptic drug levels are moni- 
tored,” we believe that demonstra- 
tion of adequate blood: levels of the 
anticonvulsants used should be part of 
the definition of “intractability” for 


this and all other neurosurgical pro-- 


cedures used to relieve epilepsy. 


M. H. Van WOERT, MD 

D. RosenBAUM, MD 

Depts of Neurology and 
Pharmacology. 

Mount Sinai School of Medicine 

New York, NY 10029. 
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In Reply.—Dr Van Woert is correct 
concerning the advisability of a trial 
of L-5- hydroxytryptophan with carbi- 
dopa and clonazepam in cases of 
myoclonic epilepsy. However, the 
three patients reported in our series 
were all treated before the five 
references cited by Dr Van Woert 
appeared in the literature. 

Second, the measurement of blood 
levels of antiepileptic drugs is a 
routine procedure on any patient 
being treated for epilepsy on our 
service. 


I. S. Cooper, MD 

Dept of Neurologic Surgery 
St Barnabas Hospital 
Bronx, NY 10457 


Huntington Chorea 


To the Editor.—In a recent article in 
the ArcHIveEsS (33:517, 1976), we read 
the comments by Dr Kartzinel et al 
concerning some statements made by 
us on the effect of apomorphine 
hydrochloride on the chorea of Hunt- 
ington disease.’ The authors indicate 
that we propose that “hypersensitive 


striatal dopamine (postsynaptic) re- ` 


ceptors may not constitute the basic 
disturbance of the striatal dcpamine 
systems allegedly responsible for the 
chorea of Huntington Disease.” As 


with the result observed by us with 


apomorphine, the findings by Dr 
Kartzinel and associates with bromo- 
criptine support this interpretation. 
With doses of up to 40 mg/day of 
bromocriptine, no change in the cho- 
reiform movements of their Hunting- 
ton disease patients occurred. Only 
higher, toxic doses aggravated the 


involuntary movements. Daily doses , 


of bromocriptine of less than 40 mg 
induce chorea in patients with Parkin- 
son disease” presumably through stim- 
ulation of “hypersensitive” striatal 


dopamine receptors. If in Huntington | 
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disease the striatal dopamine recep- 
tors mediating chorea had indeed an 
abnormally increased sensitivity to 
dopamine, one would expect an ag- 
gravation of chorea with the adminis- 
tration of these doses of the dopamin- 
ergic agonist bromocriptine, 

Their statement that we suggested 
that in Huntington disease “the 
abnormal involuntary movements ac- 
tually represent an insufficient stimu- 
lation by dopamine of striatal areas 
containing dopamine receptors” ap- 
pears to us to be taken out of the 
general context of our paper. In our 
article, the paragraph that immedi- 
ately follows that statement, as well 
as the rest of our discussion, seems to 
us tc clearly indicate our belief that a 
striatal dopaminergic preponderance 
appears to underline the chorea of 
Huntington disease, but that apomor- 
phine attenuates the chorea through 
an entidopaminergic effect. In fact, 
we suggested, as Dr Kartzinel et al 
stated but failed to quote from our 
communication, that apomorphine 
“may be acting as a partial antagonist 
of dopamine” or, more importantly, 
that “it is possible that apomorphine 
acts aS an agonist on presynaptic in- 
hibitory receptors which could result 
in a decrease of impulse flow :and 
subsequent release of dopamine from 
presynaptic nerve terminals.” 

Recent evidence that indeed sug- 
gests that low doses of apomorphine 
are associated with preferential stim- 
ulation of presynaptic dopamine re- 
ceptors’ favors this’ last interpreta- 
tion. Bromocriptine has a different 
molecular configuration than apomor- 
phine and exerts its dopaminergic 
effects through different mech- 
anisms.‘ It is therefore not surprising 
that at high doses bromocriptine, 
contrary to apomorphine, worsened 
the chorea of Huntington disease 
patients,- as Dr Kartzinel, and co- 
workers observed. Possibly, this ag- 
gravation of chorea is mediated by 
preferential stimulation of postsynap- 
tic dopamine receptors by endogenous 
dopamine through an amphetamine- 
like effect It has recently -been 
shown that the ergot alkaloid deriva- 
tive bromocriptine, like amphetamine 
but unlike apomorphine, requires an 
intact dopamine-synthesizing system 
to bring. about its dopaminergic 
effect. 

Finally, it appears to us possible 
that drugs with direct dopamine 
receptor-stimulating properties might 


be useful in the treatment of certain 
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choreiform movement disorders. For 
example, the potent dcpamine agonist 
N-propylnoraporpaine was found by 
Cotzias et al! to induce better sympto- 


matic control and ‘ess dyskinesia’ 


when given to patients with Parkin- 
son disease takinz levodopa as com- 
pared to when they were taking levo- 
dopa alone; Chase and Shoulson’ found 
that another dopamire agonist, piri- 
bedil (E'T-495), is capable of blocking 
neuroleptic-induced tardive dyskine- 
sias in patients. 


E. S. Totosa, MD 
Dept of Neurology 

S. B. SPARBER, PHD 
Dept of Pharmacology 


Univ of Minnesota Med School’ 


_ Minneapolis, MN 55455 


1. Tolosa ES, Sparber $B: Apomorphine in 
Huntington’s chorea: Clinical observations and 
theoretical considerations. Life Sci 15:1371-1380, 
1976. 

2. Calne DB, Teycheane FF, Claveria LE, et al: 
Bromocriptine in parkinson’sm. Br Med J 4:442- 
444, 1974. 

3. Carlsson A: Monoamin2rgic mechanisms in 
basal ganglia. Read before the 55th annual 
meeting.of the Assceiation for Research in 
Nervous and Mental Ciseas2, New York, 1975. 

4. Johnson AM, Loew DM, Vigouret JM: Stim- 
ulant properties of bromeccriptine on central 
dopamine receptors im comparison to apomor- 
phine, (+)—amphetamine and L-DOPA. Br J 
Pharmaenl 56:59-68, 1976. 

5. Klawans HL, Weiner WJ: The effect of d- 
amphetamine on choreiform movement disor- 
ders. Neurology 24:312-318, 1974. 

6. Cotzias GC, Papvasiliou PS, Tolosa ES, et al: 
Treatment of parkinsonism with aporphines: 
Possible role of growta hornone. N Engl J Med 
294:567-578, 1976. 

7. Chase TN, Shoulson I: Dopaminergic. mech- 
anisms in patients with extrapyramidal disease. 
Adv Neurol 9:359-366, 1975. 


In Reply.-We thank Drs Tolosa and 
Sparber for their comments con- 
cerning our artic.e “Bromocriptine in 
Huntington Chorea," which recently 
appeared in the ARCHIVES (38:517, 


1976). In our study, dcses greater than 


40 mg of bromocristine were not 
“toxic”; there was s:mply a conven- 
tional sigmoid dose-response relation- 
ship for the induction of chorea in 
both parkinsonian and huntingtonian 
patients. We could not find any 
evidence to support the view that the 
dopaminergic agonist that we were 
studying, bromocriptine, had any 
therapeutic action in Huntington dis- 
ease. We do not take issue with Drs 
Tolosa’s and Sparber’s observations 
with apomorphire o7 to its possible 
mechanisms of ection. We are confi- 
dent that dopam‘ne-receptor agonists 
like bromocriptine will lead to prog- 


ress in the treatment of parkinsonism, 
but we are not as optimistic as Drs 
Tolosa and Sparber about their effec- 
tiveness in Huntington chorea. 


R. KARTZINEL, MD 

D. B. CALNE, MD 

National Institutes of Health 
Bethesda, MD 20014 


Glomus Tumors in the Head and 
Neck 


To the Editor.—-The neurologie fea- 
tures of a large group of patients with 
glomus tumors of the head and neck 
were recently well delineated by G.J. 
Spector et al (Arch Neurol 33:270, 
1976). In their series of 75 patients, 57 
tumors arose from the jugular bulb, 11 
from the middle ear, and 7 from the 
vagus nerve. However, similar tumors’ 
of the carotid body (glomus caroticum) 
were not included in their presenta- 
tion. 

In contrast to the glomus tumors 
(chemodectomas) of their group with a 
high incidence of neurologic manifes- 
tations, chemodectomas of the carotid 
bifurcation are usually not very symp- 
tomatic. The majority of carotid 
chemodectomas are benign and slow 
growing, with minimal associated 
symptoms; most patients with che- 
modectomas of the carotid bifurcation 
are asymptomatic except for the pres- 
ence of a painless cervical mass.' The 
angiographic features of chemo- 
dectomas of the carotid bifurcation 
are well established and diagnostic for 
the average case, so that angiography 
has come to replace formal incisional 
biopsy with its many disadvantages.” 


J. G. Cuusip, MD 
Dept of Neurology 
St Vineent’s Hospital 
and Med Center of New York 
New York, NY 10011 
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In Repiy.—Dr Chusid’s letter nka 
two specific points. The first concerns 
our exclusion of the carotid body 
tumors from the chemodectomas in 
the head and neck region. The second 
raises the point whether a biopsy is 
really indicated, since the clinical 
features that delineate these tumors 
are quite characteristic. 

With respect to the first comment, 
we specifically excluded the carotid 


Letters to the Editor 89 


- body tumors since they are well recog- 
nized and documented in the litera- 
ture. It was not our intention to imply 
that pathologically and histologically 
these lesions are different. In fact, 
they are all probably derivatives of 
the paraganglion cells, which are of 
neural crest origin but are found in 
different locations. Our main point 
was to accentuate those lesions in the 
head and neck region that are not as 
common and that have a significant 
neurologic history as part of the elin- 
ical presentation. 

With respect to the second com- 
ment, we agree with Dr Chusid in that 
a biopsy in most instances is not only 
unnecessary, but is fraught with 
danger from complications such as 
hemorrhage or neurologic deficits. It 
was .our purpose to emphasize the 
importance of the neurologic, otologic, 
and neuroradiologic picture that al- 
lows an appropriate diagnosis to be 
made without the need of biopsy, ie, 
these chemodectomas in the head and 
neck region can be diagnosed in the 
same fashion as carotid body tumors. 
The clinical course, however, of these 
lesions is quite different. Glomus 
tumors in the temporal bone are close 
to the foramina of the base of the skull 
and initially affect the extracranial 
courses of cranial nerves. They have a 
higher incidence of intracranial ex- 
tension. However, the incidence of 
malignancy and metastases is low. 
Therefore, I believe, as does Dr 
Chusid, that in most cases the need for 
an incisional biopsy is not indicated in 
these lesions. 


G. J. Spector, MD 

Dept of Otolaryngology 
Washington Univ School of Med 
517 5 Euclid 

St Louis, MO 63110 


Cerebral Dominance | 


To the Editor.—Albert et al, in “Cere- 
bral Dominance for Consciousness” 
(Arch Neurol 33:453, 1976), suggest 
that their “findings lend support to 
the argument that hemispheric asym- 
metry may exist for consciousness as 
well as for other neurobehavioral 
phenomena.” It appears from their 
brief report that focal unilateral 
lesions of the left hemisphere are 
more likely to produce a “reduced 
consciousness,’ providing conscious- 
ness is “defined” as a phenomenon of 
variable intensity, specifiable by 
grading (from low to high) arousabil- 
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ity, brain stem reflexes, and sponta- 
neous and directed behavior. This 
seems quite reasonable. Nevertheless, 
their Table 3 shows that the level of 
consciousness for which patients 
showed the greatest difference and 
which, presumably, contributed most 
heavily to their statistical argument 
was “full consciousness” wherein pa- 
tients were fully awake, alert. and 
attentive. In the context of known 
aspects of hemispheric function, it is 
possible that this weighting is of 
considerable importance. Thus, Sper- 
ry' has clearly demonstrated that the 
two hemispheres have differential 
specialization for information pro- 
cessing. With respect to the right 
hemisphere. 


Though predominantly mute and generally 
inferior in all performances involving 
language or linguistic or mathematical 
reasoning, the minor hemisphere is nev- 
ertheless the superior cerebral member for 
certain types of tasks.... 

Largely they Involve the apprehensicn and 
processing of spatial patterns, relations, 
and transformations. They seem to be 
holistic and unitary rather than focal. 


Sperry’ and others? have shown the 
right hemisphere to be superior in 
processing information requiring as- 
sessment of part-whole relationships, 
complex spatial relationships, and 
multidimensional transformations. 
Bogen’ has suggested that conscious- 
ness is bimodal and has suggested the 
label “appositional” to describe the 
holistic connectivism that character- 
izes the right hemisphere contribution 
to processing. 

In view of the above, it would seem 
expeditious to make every effort, 
when evaluating mental status, to 
include testing procedures for each 
hemisphere. As Brown and Jaffee‘ 
suggest “... cerebral dominance is a 
continuous process which evolves 
throughout life... the notion of cere- 
bral dominance must be qualified to 


mean, ‘dominance for what function . 


at what age under what conditions of 
testing? ” It is not clear in the study 
by Albert et al whether the experi- 


mental design incorporated any pro- . 


cedures to assess possibly subtle, right 
hemispheric contributions to con- 
sciousness. In the absence of such 
information and in the context of 
known aspects of hemispheric special- 
ization, the data presented by Albert 
and associates does not appear to 
warrant any unqualified conclusion 
about hemispheric dominance for con- 


sclousness, 
may be.* I personally agree with 
Penfield® that “to suppose that con- 
sciousness or the mind has localization 
is a failure to understand neurophys- 
jology”. 


S5. D. STONEY, JR, PHD 
Dept of Physiology 
Med ‘oll of Georgia 
Augusta, GA 30902 
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In Reply.—Dr Stoney’s comments are 
interesting, given that he cites so 
many thoughtful neuroscientists. 
However, his comments are unrelated 
to the point of our article. 

Dr Stoney complains that we have 
not given “consciousness” the broad 
general definition it deserves. He is 
correct. We did not try to. We made 
specific clinical observations that we 


-described and quantified. We agree 


that the concept of consciousness is 
dificult to define and difficult to 
explain in neurophysiologic terms. It 
seemed to us that quantitative data on 
“consciousness” or some of its ele- 
ments might be useful to an under- 
standing of integrated cerebral func- 
tion. 

In addition, we believed that it was 
unwise to accept without question the 
notion that the ceretral hemispheres, 
which are functionally asymmetrical 
in so many other ways, were neces- 
sarily symmetrical with respect to 
attentional or alerting activity. Our 
data suggest that the hemispheres 
may not be functionally symmetrical 
for these particular measurable as- 
pects of consciousness. | 


M. L. ALBERT, MD 

Boston Univ Med School 

Boston VA Hospital 

Dept of Neurology 

Aphasia Research Center 
_ Boston, MA 02130 
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Book Reviews 


Neuropsychological Assessment, by Muriel D. 


_ Lezak, 549 pp, $16.95, Oxford University Press, 


1976. 


This book on neuropsychological 
testing is a highly readable and well- 
organized exposition of the current 
state of the art. For clinical neuropsy- 
chologists and behavioral neurolo- 
gists, it will be a valuable addition to 
the small but growing library dealing 
with this burgeoning: borderland disci- 
pline. The 549-page book has been 
organized into two basic sections. 
Chapters 1 through 7 provide a back- 
ground for an understanding of the 
variety, uses, and goals of neuropsy- 
chological assessment and a broad 
though necessarily limited review of 
the theoretical and empirical frame- 
work within which diagnostic deci- 
sions are made. Each of the remaining 
ten chapters is devoted to a descrip- 
tion and critique of psychological tests 
purporting to assay particular aspects 
of cognitive functioning, including 
general intelligence, academic abili- 
ties, verbal, perceptual, and construc- 
tional functions, memory, abstract 
reasoning, attention and orientation, 
and personality and social com- 
petence. 

An outstanding feature of these 
chapters is the attention paid to the 
availability of normative data, the 
demonstrated validity (or lack there- 
of), and the clinical feasibility of the 
tests. There are numerous illustra- 
tions of test materials, and in many 
cases standardization and validity 
data are reproduced in tabular form. 
These features will greatly aid clinical 
examiners in selecting new tests 
appropriate for particular diagnostic 
problems. 

Without doubt, this is the most 
comprehensive source book obtainable 
on standardized and experimental 
neuropsychological tests. It is an 
informative, well-documented, and 
clinically sensible overview of this 
facet of modern clinical neurology. 

KERRY DES HAMSHER, MA 
Jowa City 
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Aids to the Examinaticn of te Peripheral Nervous 
System, memorandur 45, by the Medical 
Research Council (London), 62 pp, 90 illus, Her 
Majesty’s Stationary Cffice, 1976. 

The title of this popular, long-used 
booklet, Aids to Iavestigation of 
Peripheral Nerve Injuries, war mem- 
orandum 7, has been changed to Aids 
to Examination of the Peripheral 
Nervous System, but the content is 
almost identical. However, all of the 
illustrations are new, with improved 
composition, photography, and repro- 
duction. 

Many trainees in neurology and not 
a few practitioners have little expo- 
sure to peripheral nerve lesions and to 
the often difficul: diferential diag- 
nosis frora root and plexus syn- 
dromes: 

Hence, this inexpensive and valu- 
able booklet will retain its popularity. 
It should be available to all neurolo- 
gists, neurosurgeons, end electromyo- 
graphers. 

One regrets only that it does not 
illustrate and describe more abnormal 
conditions. 

MauRICE W. VAN ALLEN, MD 
lowa City 
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Understanding EEG, by D. Scott, 248 pp, $16, JB 
Lippincott Co, 1976. 


Ctemical Transmission in the Mammalian Cen- 
tral Nervous System, edited by C. H. Hoekman and 
D. Rieger, 442 pp, $34.50, University Park Press, 
1976 


Epilepsy After Non-missile Head Injuries, ed 2, 
by E. Jennett, 179 pp, $20, Year Book Medica! 
Publishers, 1975. 


Brain Metabolism and Cerebral Disorders, ed 2, 
edited by H. E. Himwich, 384 pp, $28, Spectrum 
Publ.cations Ine, 1976. 


Hypothalamus, Pituitary and Aging, edited by 
A. V. Everitt and J. A. Burgess, 787 pp, $49.50, 
Charles C Thomas Publisher, 1976. 


Ocular Syndromes, ed 3, by W. J. Geeraets, 655 
pp, Lea & Ferbiger, 1976. 


Hyperactive Children: Diagnosis and Manage- 
ment. by D. J. Safer and R. P. Allen, 239 pp, $8.50, 
University Park Press, 1976. 


Cosrelative Neuroanatomy and Functional Neu- 
rology, ed 16, by J. G. Chusid, 448 pp, Lange 
Medizal Publishers, 1976. 


Surgical Disorders of the Peripheral Nerves, ed 2, 


' by E. Seddon, 386 pp, Churchill Livingstone, 


1975. 


EEG Interpretation: Problems of Overreading and 
Underreading, by E. S. Goldensohn and R. Koehle, 
186 cp, Futura Publishing Co, 1975. 


Int2rpretive Atlas of the Monkey’s Brain, by W. J. 
S. Krieg, 115 pp, 89 cell-stained and fiber-stained 
sections of the brain of the macaque, with an 
illustzated textbook, $50, Brain Books, 1975. 


Atlas of an Insect Brain, by N. J. Strausfeld, 214 
pp, $98, Springer-Verlag, 1976. 


Atlas of Eleetroencephalography in Coma and 
Ceretral Death, by D. R. Bennett, J. R. Hughes, 
J. Korein, J. K. Merlis, and C. Suter. 254 pp, $66, 
Raver Press, 1976. 
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t 
An Atlas of Clinical Neurology, ed 2, by J. D. 
a 438 pp, $27, Oxon University Press, 


Organ Physiology: Structure and Function of the 
Nervous System, ed 2, by A. C. Guyton, 812 ee 
WB Saunders Co, 1976. 


Clinical Management of Seizures: A Guide for the 
Physician, by G. Solomon and F. Plum, 152 pp, 
$7.50, WB Saunders Co, 1976. 


_ Biochemistry and Neurology, edited by H. F. 
Brandford and C. D. Marsden, 298 pp, a 75, - 


` Academic Press Inc, 1976. 


Motor Speech Disorders, by F. L. Darley, A. E, 
Aronson, and-J. R. Brown, 304 pP» $16, WB 
Saunders Co, 1975. 


Mental Handicap, by B. Kirman and J. Bicknell, 
494 pp, $39.50, Churchill Livingstone, 1975. 


Developmental Disorders: Assessment, 'Treat- 
ment, ‘Education, edited by R. B. Johnston and 


P. R. Magrab, 582 pp, $14. 50, University Park 


Press, 1976. 


Psychology of Deafness for Rehabilitation Coun- 
selors, edited by B. Bolton, 156 pp, $14.50, Univer- 
sity Park Press, 1976. 


Blood-Brain Barrier in Physiology and Medicine, 


by S. I. Rapoport, 328 pp, $25, Raven Press, 


1976. 


Essentials of Neurology, ed 4, by J. N. Walton, 


477 pp, $18, JB Lippincott Co, 1976. 


Symposia Received 


Human Behavior and Brain Function, edited, by 
H. J. Widroe, 116 pp, Charles C Thomas Publish- 
er, Proceedings of a symposium held May 12, 
nae at Walnut Creek Hospital, Walnut Creek, 

alif. 


Cerebral Circulation and Metabolism, edited by 
T. W. Langfitt, L. C. McHenry, Jr, M. Reivich, 
and H. Wollman, 560 pp, $76.80, Springer-Verlag, 


1975. Proceedings of the Sixth International ` 


Symposium on Cerebral Blood Flow held in 
Philadelphia, June 6-9, 1973. ` 


Neurosecretion: The Final Neuroendocrine Path- 
way, edited by F. Knowles and L. Vollrath, 345 pp, 
Springer-Verlag, 1974. Proceedings of the Sixth 
International Symposium on Neurosecretion held 
in London, 1973. 


Cerebral Angiomas: Advances in Diagnosis and 
Therapy, edited by H. W. Pia, J. R. W. Gleave, 
E. Grote, and J. Zierski, 285 pp, Springer-Verlag, 
1975. Proceedings of a symposium held in 
Giessen, West Germany, Jan 10-12, 1974. 


Principles of Neurotransmission, ` edited by . 


L. Stockinger, 151 pp, $38.30, Springer-Verlag, 
1975. Proceedings of the International Sympo- 
sium of the Austrian Society for Electron Micros- 
copy held in Vienna, Nov 30, 1973. 


Intracranial Pressure M, edited by N. Lundberg, 
U. Ponten, and M. Brock. 527 pp, $31, Springer- 
Verlag, 1975. Proceedings of the Second Interna- 
tional Symposium on Intracranial Pressure. 


Transactions of the American Neurological Asso-. 


ciation, 1975, edited by P. Scheinberg, 299 pp, $19, 
Springer Publishing Co, 1976. Proceedings of the 
100th annual meeting of the American Neurolog- 
ical Association, held in New York, June 2-4, 
1975. 


Treatment of Pain, edited by H. C. Voris and 
W. W. Whisler, 161 pp, Charles C Thomas Pub- 
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lisher, 1975. Proceedings of a symposium on the 


treatment of chronic intractable pain, sponsored 
by the Department of Neurological Surgery, 
Rush Medical School, Chicago, Feb 23-24, 1973. 


Recent Advances in Myolegy, edited by W. G. 
Bradley, D. Gardner-Medwin, and J. N. Walton, 
578 pp, $74:95, Excerpta Medica, 1975. Proceed- 
ings of the Third International Congress on 
Muscle Diseases at Newcastle upon Tyne, 
England, Sept 15-21, 1974. 


Brain-Endocrine Interaction IH: The Ventrjcular 
System in Neuroendocrine Mechanisms, edited by 
K. M. Knigge, D. M. Scott, H. Dobayashi, and 5. 
Ishii, 406 pp, $57.50, S Karger, 1975. Proceedings 
of the Second International Symposicm on 
Brain-Endocrine Interaction held at Shizuoka, 
October 1975. 


‘Outcome of Severe Damage to the Central 
Nervous System, Ciba Foundation Symposium 34 
(New Series), 354 pp, Elsevier, 1975. Proceedings 
of the symposium on the Outcome of Severe 
Damage to the Central Nervous System held at 
the Ciba Foundation, London, Nov 26-28, 1974. 


Golgi Centennial Symposium: Perspective in 
Neurobiology, edited by M. Santini, 658 rp, $46; 
Raven Press, 1975. Proceedings of the sympo- 
sium, sponsored by the CNR Center of Cytophar- 
macology, Institute of Pharmacology, University 
of Milan, Pavia and Milan, ae Sept 9-12, 
1973. 


Structure and Function of Noni and Diseased 
Muscle and Peripheral Nerve, edited by I. Hausma- 
nowa-Petrusewicz and H. Jedrzejowska, 390 pp, 
Polish Medical Publishers, 1975. Proceedings of 


the symposium held in Kazimierz upon Vitula, 


Poland, May 18-20, 1972. 


Epidemiology of Aging, DHEW pub-ication 
(NIH) 75-711, edited by A. M. Ostfeld and D. C. 
Gibson, 286 pp, $3.40, HEW-NIH, 1975. Summary 
report and selected papers from a rasearch 
conference held in Elkridge, Md, June 11-13, 
1972. 


: Cean—Computerized EEG Analysis, edited hy 
G. Dolee and H. Kunkel, 466 pp, Gustav Fischer 
Verlag, 1975. Proceedings of the symposium of 


Merck’sche Gesselschaft fur Kunst und Wissen-’ 
schaft held in Kronberg/Taunus, West Germany,, 


April 8-10, 1974. 


A Centennial Bibliography of Huntington’s Cho- 
rea, 1872-1972, edited by G. W. Bruyn, F. Baro, 
and N. C- Myrianthopoulos, 314 pp, Leuven Uni- 
versity Press, 1974. This bibliography was 
compiled by a committee of the World Federa- 


tion of Neurology Research Group on Hunting- ` 


ton’s Chorea in connection with the Huntington 
Centennial Symposium, which took place in 
Columbus, Ohio, March 1972. ' 


Signal Analysis and Pattern Recognition in Bio- 
medical Engineering, edited by G. F. Inbar, 324 pp, 
$25, Israel Universities Press, 1975. Proceedings 
of international symposium held i in Haife, Israel, 
July 9-11, 1974. 


Microneurosurgery, edited by H. Handa, 201 pp, 
$39.50, University Park Press, 1975. Proceedings 
of the Internationa] Symposium on Microneuro- 
surgery held in Kyoto; Japan, October 1973. 


- The Cerebral Vessel Wall, edited by J. Cervos- 
Navarro, E. Betz, F. Matakas, and R. Wullenwe- 
ber, 273 pp, $22, Raven Press, 1976. Proceedings 
of the Erwin Riesch Symposium on the Cerebral 
Vessel Wall held in Berlin, March 14-15, 1975. 


` Symposium on Neuro-ophthalmology, 378 pp, 


$39.50, CV Mosby Co, 1976. Twenty-fourth 


annual symposium of the New Orleans Academy 
of Ophthalmology, Feb 24-26, 1975. 


Monographs Received 


The Yearbook of ‘Neurology and Neurosurgery, 
1976, edited by R. N. DeJong and O. Sugar, 509 
pp, Year Book Medical Publishers, 1976. , 


Bibliotheca Ophthalmologica, No. 82: Cerebral . 


Control of Eye Movements and Motion Perception, 
edited by J. Dichgans and E. Bizzi, 403 pp, S 
Karger, 1972. 


The Nervous System, D. B. Tower (editor in 


chief), vol 1: The Basic Neurosciences, edited by 


R. O. Brady, 752 pp, $25; vo. 2: The Clinical Neuro- 
sciences, edited by T. N. Chase, 556 pp, $25; vol 3: 
Human Communication and its Disorders, edited by 
E. L. Eagles, 576 pp, $25, Raven Press, 1976. 


Modern Problems in Ophthalmology, vol 14: 
Orbital Disorders, edited by G. M. Bleeker, J. B. 
Garston, B. Kronenber, ar.d T. K. Lyle, 680 pp, 
$102, S Karger, 1975. 


Modern Problems in Paediatrics, vol 13: Pre- and 
Postnatal Development of the Human Brain, edited 
by F. Falkner, N. Kretchmer, and E. Rossi, 
$47.25, S Karger, 1974. This is the-final report of 


the-Macy Foundation Conference held in Paris, ` 


Dec 10-18, 1972, with participants from Europe 
and the United States drawn: from all major 
disciplines relating to prenatal and postnatal 
development of the human brain. 


Aging, vol 1: Clinical, Morphologic, and Neuro- 


chemical Aspects in the Aging Nervous System, 
edited by H. Brody, D. Harman, and J. M. Ordy, 
221 pp, $16, Raven Press, 1975. Outstanding 


chapter is one by the Seheibels on structural 


changes in the aging brain, which is not matched 
elsewhere to this reviewer's knowledge. 


Major Problems in Neuralogy, vol 5: The Clumsy 


_ Child, by S. S. Gubbay, 194 pp, $12.50, WB Saun- , 


ders Co, 1975. . 


Advances in Neurology, vol 18: Current Reviews, 
edited by W. J. Friedlander, 392 pp, $26, Raven 
Press, 1975. 


International Brain Research Organization 
(ABRO) Monograph Series, vol 1: Growth and Devel- 
opment of the Brain: Nutritional, Genetic and Envi- 
ronmental Factors, edited by M. A. B. Brazier, 399 
pp, $28.50, Raven Press, 1975. . 


Advances in Neurology, vol 15: Neoplasia in the 
Central Nervous System, edited by R. A. Thomp- 
son and J. R. Green, 382 pp, $29.50, Raven Press, 


1976. 


Clinical Neuropharmacology, vol 1, edited by 


H. L. Klawans, 255 pp, $18.50, Raven Press, 


1976. P 


Neuro-ophthalmotogy, vol 8: Symposium of the 
University of Miami and the Bascom Palmer Eye 
Clinic, edited by J. S. Glaser and J. L. Smith, 307 
pp, $24.50, CV Mosby Co, 1975, 


Handbook of Clinical Neurology, edited by P. J. 
Vinken and G. W. Bruyn, North-Holland Publish- 
ing Co, vol 17: Tumours of the Brain and Skull, part 
II, 1974; vol 18: Tumours of the Brain and Skull, 
part HI, H. L. Klawans, Jr, (associate editor), 
1975; vol 19: Tumours of the Spine and Spinal Cord, 
part I, H. L. Klawans, Jr (associate editor), 1975; 
vol 21: System Disorders and Atrophies, part [, in 


collaboration with J. M. B. V. DeJong, H. L. - 


Klawans, Jr (associate editor), 1975; vol 22: 
System Disorders and Atrophies, part H, in collabo- 
ration with J. M. B. V. DeJong, H.-L. Klawans, Jr 
(associate editor), 1975; vol 23: Injuries of the Brain 
and Skull, part I, in collaboration with R. Braak- 
man, H. L. Klawans, Jr (associate editor), 1975; 


_ vol 24: Injuries of the Brain and Skull, part II, in 


collaboration with R. Braakman, H. L. Klawans, 
Jr (associate editor), 1976. 
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The following ad hoc reviewers heve generously given of their time 
and expertise in helping to appraise manuscripts during 1976. The 
ARCHIVES thanks them. 


Dr Stanley Appel 

Dr James H. Austin 
Dr Robert L. Barchi 
Dr William J. Bank 
Dr H. J. M. Barnett 
Dr William E. Bell 

Dr Frank Benson 

Dr Peter H. Berman 
Dr Thomas D. Bird 

Dr Gary Birnbaum 

Dr Ira B. Black 

Dr E. Peter Bosch 

Dr Stuart B. Brown 
Dr Pasquale Cancilla 
Dr John J. Caronna 
Dr Edward Chaplin 
Dr Purnell Choppin 
Dr George C. Cotzias 
Dr John Dougherty 

Dr Daniel B. Drachman 
Dr Thomas E. Duffy 
Dr Roger C. Duvoisin 
Dr Abe Eastwood 

Dr James A. Ferrendelli 
Dr Howard L. Fields 
Dr Kathleen M. Foley 
Dr Myron D. Ginsberg 
Dr Eli S. Goldenshohn 
Dr Gary W. Goldstein 
Dr Bernice Grafstein 
Dr Michael N. Hart 
Dr William Leroy Heinrichs 
Dr Asao Hirano 

Dr William F. Hoyt 
Dr Howard I. Hurtig 
Dr Robert L. Joynt 
Dr George E. Kenny 
Dr Jun Kimura 

Dr Kyuya Kogure 

Dr Henn Kutt 

Dr William Landau 

Dr Robert B. Layzer 
Dr David E. Levy 

Dr Robert P. Lisak 

Dr John Loeser 

Dr Hrvoje R. Lorkovic 
Dr Theodore L. Munsat 


+ 


Dr Jerome V. Murphy 
Dr Marvin G. Myers 

Dr Neal Nathanson 

Dr Donald W. Nibbelink 
Dr Joseph C. Parker, Jr 
Dr Hart deC. Peterson 
Dr Frank A. Petito 

Dr David E. Pleasure 
Dr D. Gordon Potts 

Dr Richard W. Price 

Dr Marcus Raichle 

Dr Martin Reivich 

Dr John P.-Reuben 

Dr Eldred T. Richey 

Dr Walter F. Riker 

Dr Robert L. Rodnitzky 
Dr Roger N. Rosenberg 
Dr Abraham M. Rudolph 
Dr William Scherer _ 
Dr Donald L. Schotland 
Dr Dorothy Schottelius 
Dr Euth Seymour 

Dr William R. Shapiro 
Ər Cheng-Mei Shaw 

Dr Bennett Shaywitz 

Dr Donald H. Silberberg 
Dr Gail Solomon 

Dr Alexander Spence 

Dr S. Mark Sumi 

Dr Austin J. Sumner 

Dr Kinuko Suzuki 

Dr Phillips D. Swanson 
Dr George W. Sypert 
Dr Robert D. Terry . 

[Ur H. Stanley Thompson 
Er John S. Thompson 
James C, Torner, MA 
Cr Bradley T. Troost 

Dr Carl 8. Vestling 

Dr Maurice Victor 

Dr Claude G. Wasterlain 
Dr Elhot Weitzman 

Dz: G. Fred Wooten 

Dr Melvin Yahr 

D> Thoru Yamada 

Dr Takehiko Yanagihara 
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1977 
Jan 23-29 
Feb 18-19 


25-26 
March 25-26 


CALENDAR OF MEETINGS 


Bel Air Hilton Hotel, St Louis 


Southern Clinical Neurological Society, fourth meeting, Pier 66, Ft 
Lauderdale, Fla 
Western EEG Society, annual meeting, San Diego 

Second Annual Joint Stroke Conference, Sheraton 4-Ambassadors 
Hotel, Miami 
Central Association of Eleetroencephalographers, annual meeting, 


American Association Neurological Surgeons, annual meeting, Four 
Seasons Hotel, Toronto 
World Federation of Neurosurgical Societies, Sixth International 


Congress of Neurological Surgery, Sao Paulo, Brazil 


April 24-28 
J une” 19-25 
July 18-23 
Sept 11-16 


gress Centre RAI, Amsterdam 


- Meeting of the Central Association of 
Electroencephalographers.—The annual 
meeting of the Central Association of 
Electroeficephalographers will be held 
in the Bel Air Hilton Hotel in St Louis 
on March 25 and 26, 1977. Abstracts 
for the scientific program should be 
sent to Dr Gastone Celesia, Program 
Chairman, Department of Neurology, 
1221 S Grand Blvd, St Louis, MO 
68104, by Feb 1, 1977. The abstracts 

` should be limited to 200 words or less. 
A course on clinical electroencephalog- 
raphy,.organized by Dr Frank Shar- 
brough, will be held on March 27. 
Further details on the course can be 
obtained from Mrs Margaret Henry, 
28238 Glenn Ave, Willoughby, OH 
44094. 


‘Postgraduate Course in Electroen- 
cephalography.—The Third Annual 
Postgraduate Course in Electroen- 
cephalography of the Western EEG 
Society will be held on Feb 17, 1977, at 
the Sheraton-Harbor Island Hotel in 
San Diego, Calif. The course is under 
the direction of Reginald Bickford, 
MD, and sponsored by the University 
of California at La Jolla. It will be 
followed by the annual meeting of the 
Western EEG Society on Feb 18 and 
19, 1977. 

Additional information may be ob- 
tained from Reginald Bickford, MD, 
Professor, Department of Neuro- 
sciences, University of California at 
San Diego, La Jolla, CA 92093. 
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Computerized Tomography.—A sym-, 


posium on “Computerized Tomog- 
raphy for Neurologists and Neurosur- 
geons” will be held in Las Vegas on 
Feb 8 through 5, 1977, under the 


auspices of the Ad-hoc Subcommittee 


on Computerized Tomography Educa- 
tion of the American Academy of 
Neurology. The symposium will. con- 
sist of instruction in basic and clinical 
aspects of computerized tomography, 
forma! papers, and an open forum to 
discuss the general problems being 
encountered in this area. Information 
may be obtained from Frederick Boul- 
ware, Jr, MD, 3196 Maryland Pkwy, 
Las Vegas, NV 89109. 


New Chairman of. Neurology at Chil- 
dren’s Hospital National Medical Cen- 
ter.—Dr Samuel Shelburne; Jr, has 
been appointed Chairman of the 
Neurology Department at Children’s 
Hospital National Medical Center in 
Washington, DC. Dr Shelburne was 
formerly Director of the Division of 
Neurology and Professor of Pediatrics 
and Neurology at Children’s Hospital 
in Cincinnati. At the time of his 
appointment he was also acting chair- 
man of the Department of Neurology 
at the University of Cincinnati Medi- 
cal School. 


Vestibulo-Oculomotor Conference.— 
A course on vestibulo-oculomotor dis- 
orders will be presented by the Uni- 


21th International Congress of Physiological Sciences, Paris 
World Federation of Neurology, 11th Congress, International Con- 


versity of Toronto, Faculty of Medi- 
cine, Department of Otolaryngology 
on March 14 through 16, 1977. 

For further information, contact 


Office of Continuing Medical Educa- 


tion, University of Toronto, Faculty of 
Medicitie, Medical Sciences Building, 
Toronto, Ontario M5S 1A8. 


Annual Meeting of the American 
Acadeniy. for Cerebral. Palsy.—Dr Leon 
Greenspan, Professor of Clinical Re- 
habilitation Medicine at the New York 
University Medical Center School of 
Medicine, became the President of the 
American Academy for Cerebral Pal- 
sy at the close of, its 30th annual 
meeting in Los Angeles, Sept 12 
through 16, 1976. At the same 
meeting, Academy members voted to 
change the organization’s name to 
“American Acaaemy for Cerebral Pal- 
sy and Developmental Medicine.” 


AASH Annual Officers.~The Amer- 
ican Association for the Study of 
Headache has announced the election 
of the following officers for 1976 
through 1977: President, Johi R. 
Graham, MD, Boston; Vice President, 
Robert S. Kunkel, MD, Cleveland; 
Treasurer; Robert E. Ryan, Sr, MD, St 
Louis; Recording Secretary and Pro- 
gram Chairman, Lee Kudrow, MD, 
Encino, Calif; and Executive Secre- 
tary, Seymour Diamond, MD, Chica- 
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imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
TA parkinsonian patient back into balance 


RCK 
Meek a E 
HM See last page of advertisement for brief summary of prese ribing information 


a combination of 
carbidopa and levodopa 





& 
Sinemet. ::-:::. 
can mean a world of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity : 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 








‘and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 $50 mg tevodops 727" 
for patients transferred from levodopa 


X SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 
A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the,previous levodopa daily dosage. 
INEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa and 100 mg levodopa, is the preferred 
> strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 
Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 
NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 

it is necessary to individualize therapy and to monitor the patient closely during the dose 
* adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 
Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


MSD 


SHARP See following page for brief summary of prescribing information 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. See the Warnings 
(below) and Dosage and Administration sections in the full pre- 
scribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
given concomitantly. MAO inhibitors must be discontinued at least 
2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage. (See Dosage and Administration section of full prescribing 
information.) Patients taking SINEMET should be instructed not to 
take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require dosage 
reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 


Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during period of 
initial dosage adjustment, in a facility with provisions for intensive 
cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary, 
and patients should be carefully observed for loss of antiparkin- 
sonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a Causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and 
dizziness 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucinations 
and delusions, agitation and anxiety, malaise, fatigue, euphoria, 
muscle twitching and blepharospasm (may be taken as an early 
sign of excess dosage; consider dosage reduction at this time), 
trismus, burning sensation of tongue, bitter taste, diarrhea, consti- 
pation, flatulence, flushing, skin rash, increased sweating, bizarre 
breathing patterns, urinary retention, urinary incontinence, diplo- 
pia, blurred vision, dilated pupils, hot flashes, weight gain or loss, 
dark sweat and/or urine, oculogyric crises, sense of stimulation, 
hiccups, edema, loss of hair, hoarseness, priapism, and activation 
of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, and 
uric acid are lower during administration of SINEMET than with 
levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET- 
25/250 are supplied in bottles of 100. J6S102 (DC 6834802) 
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AMA Expands Continuing Medical 
Education Opportunities in 1977. 





Now you can choose from 15 regional CME meetings! 


Recognizing the importance of continuing medical educa- 
tion to its members, the AMA has greatly expanded its 
CME programs. During 1977, the AMA will offer 15 reg- 
ional CME meetings around the country in addition to its 
scientific programs at both the Annual Convention and 
Winter Meeting. 


The purpose of the regional: programs is to make it 
easier and more convenient for you to continue your 
medical education by bringing the meetings closer to your 
hometown and by scheduling them on the weekends to 


avoid interference with your practice. 


All courses are approved by the AMA Council on Con- 
tinuing Physician Education for Category 1 credit toward 
an AMA Physician's Recognition Award. A syllabi written 
by medical school faculties is provided with every course. 


Specific information on course location, fees, academic program, 
faculty, and hotel reservations will be available approximately 2 
months before each course date. Please write to address below at 
that time stating your selection(s). Print name, address, and office 
phone number. 





1977 Regional Schedule 


Tulsa, Oklahoma 
Birmingham, Alabama 
*Lake Tahoe, Nevada 
Denver, Colorado 


January 22-23 
February 5-6 
February 11-13 
February 19-20 


*Tarpon Springs, Florida March 4-6 
Detroit (Southfield), Michigan March 26-27 
New York (Westchester), New York April 16-17 
Houston, Texas May 15 


Hartford, Connecticut 
*Lake of the Ozarks, Missouri 
Chicago, Illinois 
*Hot Springs (Homestead), Virginia 
*Huron, Ohio 


September 10-11 
September 16-18 
September 24-25 
Sept. 30-Oct. 2 
October 7-9 


Oct. 30-Nov. 4 
November 18-19 


*Honolulu, Hawaii 
Hershey, Pennsylvania 
AMA’s 126th Annual Convention 


San Francisco, California June 18-22 


AMA’s Winter Scientific Meeting 
Miami Beach, Florida December 10-13 


AMA Spokesmanship Seminars 


Chicago, Illinois 
(Marriott O'Hare Hotel) 


August 13-14 
November 12-13 


*Courses end at midday for recreation activities 


AMA Department of Meeting Services 
535 North Dearborn Street 
Chicago, Illinois 60610 


The mapping of a migraine 


Specific vascular changes are revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack. Liquid crystals allow differences in skin temperature to be “mapped” directly on the subject. 
Variations in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
offer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

help relieve the accompanying gastrointestinal irritability. And 
the patient's nervous tension, perhaps a precipitating factor in 
the onset of an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U. S. P., (Warning: May be habit 

forming) 30 mg 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 
U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.(Warning: May be habit forming) 60 mg.; 
tartaric acid, N.F., malic acid, lactose, U.S.P., and theobroma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attack or 
10 per week). Recta//y—One suppository as early as possible in attack; 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 

control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Before prescribing, see package insert 
for full product information. 


Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ 75-313 
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enzyme immunoassay technology. 

The EMIT AED Flow Chart simplifies 
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blood level trends and adjust 
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Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author, (2) title, (3) journal name (as abbreviated in Index 
Medicus), (4) volume number, (5) inclusive page numbers, 
and (6) year, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, 
and (7) year. Volume and edition numbers, specific pages, 
and name of translator should be included when appro- 
priate. The author is responsible for the accuracy and 
completeness of the references and for their correct text 
citation. 
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Metrication.— Al] measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 


Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 cm (5x7 
inches). 
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whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 


Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 


Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 


Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s ~ 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 


Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 


Tables._Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(8% x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 


Instructions for Authors 
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NOW AVAILABLE FROM THE AMA! 


The most comprehensive and current system 
available for naming, coding, and reporting 
medical procedures and services! 





Over 2,000 new and 

revised procedures-- 
the most comprehensive 
listing ever! 


Here’s why CPT-4 can be invaluable to you, 

your staff, and your practice 

e New updating service 

e Easier, faster, more precise reporting 

e A convenient medical reference tool 

e More accurate record keeping 

e Reduced paperwork--giving you more time 
for patient care 


CPT provides a uniform coding system... 
to accurately designate medical, surgical, and 
diagnostic services in terms that provide a 


uniform language among physicians, patients, and 


third parties. Each procedure is listed 
individually with a clear description and five- 
digit identifying code. 


New CPT Updating Service available at no 
additional cost. To insure that your CPT stays 
up to date as new terminology is added, you 
can receive new and revised procedures on a 
regular basis. Updates are on self-adhering 
pages to be affixed to the pages they replace. 
Details in CPT-4 book. 
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Order your copy 
of CPT-4 today! 


Order Department, N2 
American Medical Association 
535 N. Dearborn St. 

Chicago, Illinois 60610 


Please send me —_________ copy (ies) of PHYSICIANS’ 
CURRENT PROCEDURAL TERMINOLOGY, 4th Edi- 
tion, OP-041-N2. ($12.00 per copy in U.S., U.S. Poss., 
Canada, and Mexico. $12.50 all other countries.) 


O0 Send me information on CPT-4 magnetic com- 
puter tape versions. 


Please enclose payment (payable to AMA) with order. 
Please Print 


Name 





Address 





City/State/Zip 
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TABLETS: 0.5 mg, 1 mg, 2 mg INJECTION: 1.0 mg/ml 


COGENTIN 


” (BENZTROPINE MESYLATE| MSD) 


highly effective against 
phenothiazine-induced 
extrapyramidal symptoms 


(except tardive dyskinesia) 


often permits needed chemotherapy to continue by controlling 
drug-induced extrapyramidal manifestations such as: tremor, akathisia, 
motor restlessness, muscular rigidity, drooling, dystonic reactions. 


In some patients, however, the phenothiazine dosage may have to be 
reduced or discontinued. After one or two weeks, COGENTIN 
should be withdrawn to determine the continued need for it. 


When given concomitantly with phenothiazines or other drugs with 
anticholinergic activity, patients should be advised to report 
gastrointestinal complaints promptly; paralytic ileus, sometimes 
fatal, has occurred in patients taking anticholinergic-type 
antiparkinsonism drugs, including COGENTIN, in combination 
with phenothiazines and/or tricyclic antidepressants. 


Contraindications: Children under three years of age; use cautiously in older children. 


Warnings: Safe use in pregnancy not established. May impair mental and/or physical abilities required 
for performance of hazardous tasks, such as operating machinery or driving a motor vehicle. When given 
concomitantly with phenothiazines or other drugs with anticholinergic activity, patients should be ad- 
vised to report gastrointestinal complaints promptly; paralytic ileus, sometimes fatal, has occurred in pa- 
tients taking anticholinergic-type antiparkinsonism drugs, including COGENTIN, in combination with 
phenothiazines and/or tricyclic antidepressants. 


Precautions: Because of cumulative action, continued supervision is advisable. Closely observe patients 
with tendencies to tachycardia and those with prostatic hypertrophy. Dysuria may occur, but rarely 
becomes a problem. Large doses may cause complaints of weakness and inability to move particular 
muscle groups, requiring dosage adjustment. 

Mental confusion and excitement may occur with large doses, or in susceptible patients; visual hallucina- 
tions reported occasionally. May intensify mental symptoms when used to treat extrapyramidal disorders 
due to neuroleptic drugs (e.g., phenothiazines) in patients with mental disorders; in such patients, increased 








doses of antiparkinsonian drugs can precipitate toxic psychosis; observe patients carefully, especially at the — 


beginning of treatment or if dosage is increased. Tardive dyskinesia may appear in some patients on long- 
term therapy with phenothiazines and related agents, or may occur after therapy with these drugs has been 
discontinued; antiparkinsonism agents do not alleviate symptoms of tardive dyskinesia, and in some in- 
stances may aggravate them. COGENTIN is not recommended in tardive dyskinesia. 


May produce anhidrosis; give with caution during hot weather, especially to the old, the chronically ill, 
the alcoholic, those who have central nervous system disease, those who do manual labor in a hot en- 
vironment, and those with disturbances in sweating. If anhidrosis appears, reduce dosage so that ability 
to maintain body heat equilibrium is not impaired. Occurrence of glaucoma is 2 possibility; probably 
should not be used in angle-closure glaucoma. 


Adverse Reactions: Adverse reactions may be anticholinergic or antihistaminic. Dry mouth, blurred vi- 

sion, nausea, nervousness may develop. If dry mouth causes difficulty in swallowing or speaking, or loss 

of appetite and weight, reduce dosage, or discontinue drug temporarily. Vomiting occurs infrequently and 

may be controlled by temporary discontinuation, followed by resumption at a lower dosage. Constipation, 

numbness of the fingers, listlessness, and depression may develop. Occasionally, an allergic reaction, 

Aa skin rash, develops; sometimes this can be controlled by reducing dosage, but occasionally requires 
iscontinuation. 


Note: Large doses generally cannot be tolerated by older patients and thin patients. Patients with a poor 
mental outlook are usually poor candidates for therapy. Do not terminate other antiparkinsonism agents 
abruptly; reduce gradually. When benztropine mesylate is used with levodopa the usual dose of each may 
need to be reduced. 


How Supplied: Tablets in three strengths: 0.5 mg and 1 mg benztropine mesylate in bottles of 100, 2 mg 
benztropine mesylate in bottles of 100 and 1000, and 1 mg and 2 mg in single-unit packages of 100; In- 
jection, in 2-ml ampuls, containing per ml: 1.0 mg benztropine mesylate, 9.0 mg sodium chloride, and 


water for injection q.s. MSD 
For more detailed information, consult your MSD representative or see full —— 


prescribing information. Merck Sharp & Dohme, Division of Merck & Co., Inc., West 


Point, Pa. 19486 SAS 





Facts about dosage 
schedules of 

COGENTIN 

(Benztropine Mesylate| MSD) 


In treating extrapyramidal symp- 
toms due to neuroleptic drugs, such 
as phenothiazines and butyro- 
phenones, the recommended dosage 
of COGENTIN is 1 to 4 mg once or 
twice a day orally or parenterally. 
Dosage must be individualized 
according to the need of the patient. 
Some patients require more than 
recommended; others do not need 
as much. The tablet form should 

be used when patients are able to 
take oral medication. 


When extrapyramidal symptoms 
develop soon after initiation of 
treatment with neuroleptic drugs, 
they are likely to be transient. One to 
2 mg COGENTIN orally two or three 
times a day usually provides relief 
within one or two days. After one 

or two weeks, COGENTIN should 

be withdrawn to determine the 
continued need for it. If symptoms 
recur, COGENTIN can be 
reinstituted. 

Certain extrapyramidal disorders 
that develop slowly may not respond 
to COGENTIN. COGENTIN is not 
recommended in tardive dyskinesia. 
For more detailed information, 

see full prescribing information. 


Course Title: Current Harvard Medical School 


Concepts in Electrodiag- Department of 


Continuing Education 
nosis (geared to experi- Announces a Course in 


enced electromyograph- Neuro-Ophthalmology 
ers) April 18-22, 1977. 


3 At the Copley Plaza Hotel, Boston 
Course Director: Samuel B. Under the direction of 


Chyatte, M.D. DAVID G. COGAN, M.D., 
Professor of Rehabilitation and SHIRLEY H. WRAY, M.D., M.R.C.P., Ph.D 


Medicine, Emory of the 
University School of Medicine MASSACHUSETTS EYE AND EAR INFIRMARY 


Time & Place: May 12-13, 1977, This course is arranged primarily for neurologists, neurosurgeons, 
AF : ; and ophthalmologists interested in neuro-ophthalmology. It is designed 
Center for Rehabilitation Medi- to illustrate and amplify the essentials in the neurology of the ocular 
cine, Emory University, Atlanta, motor and visual systems. 
Georgia Special attention is given to the neuro-ophthalmic evaluation of the 
patient with emphasis on neuroradiology of the visual system and 
TEA recent advances in diagnostic procedures. Instruction is conducted 
Credits: 12 hours Category 1- insofar as possible on an informal discussiona! basis, using live demon- 
AMA strations as well as televised and cine recordings. A tentative schedule 
of the program is provided on the reverse side of the announcement. 
Tuition: (Payable upon applica- Time is also devoted to bringing the participants up to date with 
tion) $100 current research allied to neuro-ophthalmology, an innovation enthu- 
siastically received in 1974. In addition, this year a special symposium 
will be devoted to the neuro-ophthalmic manifestations of Muntiple 
Sclerosis. The faculty will include: 


Limit of Enrollment: 75 


ç 


Make checks payable to Emory D. Frank Benson, M.D. Professor I. McDonald 


University and send to Center Don C. Bienfang, M.D. Robert G. Ojemann, M.D. 
Emilio Bizzi, M.D. Glenn H. Roberson, M.D. 


for Rehabilitation Medicine, David G. Cogan, M.D. Marjorie Seybold, M.D. 
- C. Miller Fisher, M.D. William H. Sweet, M.D. 
1441 Clifton Road, N.E., Atlan- David H. Hubel, M.D. M. Kenneth Wolf, M.D. 
ta, Ga. 30322. Simmons Lessell, M.D. Shirley H. Wray, M.D., Ph.D. 
David S. Zee, M.D. 





for the part-time 
occupational physician... 


an invaluable 
quick 
reference 
suide to 
occupational 
dermatoses 


The AMA’s new guide, Occupational Dermatoses, is an in- 
valuable aid for physicians working part-time in occupa- 
tional health programs. 

It provides a ready reference for specific information 

on the causes, diagnosis, prevention, and treatment of American Medical Association 
occupational skin diseases. It also discusses management 

of prolonged and recurrent dermatoses, medico-legal aspects, 
and provides extensive references. 

To order your copy ($1 ea.) of Occupational Dermatoses, 
OP-108, write: Order Dept., American Medical Association, 
535 N. Dearborn St., Chicago, Ill. 60610. 
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A GOOD INVESTMENT 


Today, everyone is looking for a good in- 
vestment. In bio-medical instruments, this 
means GRASS. The GRASS EEG is well- 
known for its ease of operation, accurate sig- 
nal reproduction, day in - day out reliability 
and economical self-service features. 


Like all previous GRASS EEGs, many of 
which are providing excellent records after 
more than three decades of service, the 


MEDICAL 


Model Eight Series EEGs are built to 
withstand years of rugged service in the 
Clinic or Research Laboratory. Compat- 
ibility with TELEEG,,., Tape and Computer 
is assured, 


If you are in the market for a good EEG in- 
vestment, contact GRASS Instrument Company 
for detailed information on the 8, 10, 16, 18 


channel or mobile Electroencephalograph. 


NSTRUMENTS 
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The schools don’t like to get 
involved with medication for MBD 
-and now they don’t have to 





Importance of Cylert (pemoline) single daily dosage 
to the child, the parents and the teacher 


For the child For the adults Cylert offers these benefits in 
No drug in child’s pos- Control of medication & treatment program for MBD 
session while at school “” remains with parents e Single daily dose administration 
Avoids situation in Obviates need for ae 

which child is repeat- {teacher or nurse to e Minimal cardiovascular effects 


edly singled out as supervise taking of 


e Mean dosage in long-term studies 


being ‘cilterent midaay doses remained remarkably constant 
Helps prevent possible Helps assure that the 
variations in effect prescribed dosage is è Can be taken with breakfast 


caused by missed, for- 


being given each day 
} gotten or delayed doses 


Cylert y 


dosage Is once-a-day, given to 
the child at home by the parent 


L3 





Cylert, alone among CNS stimulants used to treat MBD, 
is inherently long-acting, permitting once-daily dosage 


Dosage 75 mg. per day. The maximum simple cases of overactivity in 
and administration recommended daily dose of school age children. 
Cylert is 112.5 mg. Neither should it be used in 

Cylert is given as a single oral Using the recommended the child who exhibits symp- 
dose each morning. schedule of dose titration, toms secondary to environ- 

The recommended starting significant benefits may notbe mental factors and/or primary 
dose is 37.5 mg. per day. This seen until the third or fourth psychiatric disorders, including 
daily dosage should be grad- week of drug therapy. Side psychosis. 
ually increased at one-week effects may be seen prior to The physician should rely on 
intervals using increments of optimum clinical results. a complete history of the child 
18.75 mg. until the desired and a thorough description of 


clinical response is obtained. When not to use Cylert symptoms from both parents 


The mean daily effective Cylert should not be used for and teacher before postula- 
dose ranges from 56.25 to (and will not be effective in) ting a diagnosis of MBD. E) | 


l 


Cylert 


(pemoline) @& 


Prescribing Information 


Description: Cylert (pemoline) is a 
white, tasteless, odorless powder which is 
relatively insoluble (less than 1 mg/ml) 
in water, chloroform, ether, acetone, 

and benzene. In 95% ethyl alcohol, the 
solubility of pemoline is 2.2 mg/ml. 


Actions: Cylert (pemoline) is a central 
nervous system stimulant. The pharma- 
cologic activity of pemoline is similar to 
that of other known stimulants but with 
minimal sympathomimetic effects. 
Pemoline is structurally dissimilar from 
the amphetamines and methylphenidate. 
Although the exact mode of pharmaco- 
dynamic action is undetermined in man, 
pemoline has been reported to increase the 
rate of synthesis of dopamine in rat brain. 

In human subjects, Cylert produces peak 
blood levels within 2-4 hours. The serum 
half-life is approximately 12 hours. Mul- 
tiple dose studies in adults at several dose 
levels indicate that serum levels plateau in 
approximately three days. Cylert and its 
metabolites are primarily excreted by the 
kidneys with approximately 75% of an 
oral dose appearing in the urine within a 
24-hour period. Approximately 43% of 
pemoline is excreted unchanged. Metabo- 
lites include pemoline dione, conjugated 
pemoline and mandelic acid. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain dys- 
function. Using the recommended sched- 
ule of dosage titration, significant clinical 
benefit may not be evident until the third 
or fourth week of drug administration. 


Indications: MINIMAL BRAIN DYS- 
FUNCTION IN CHILDREN-as adjunc- 
tive therapy to other remedial measures 
(psychological, educational, social). 


Special Diagnostic Considerations: 
Specific etiology of minimal brain dysfunc- 
tion (MBD) is unknown, and there is no 
single diagnostic test. Adequate diagnosis 
includes the use not only of medical but of 
psychological, educational, and social 
resources. 

Characteristics commonly reported 
include: A chronic history of moderate to 
severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) neuro- 
logical signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based 
upon a complete history and evaluation of 
the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational place- 
ment is essential and psychosocial interven- 
tion is generally necessary. When these 
measures alone are insufficient, the decision 
to prescribe stimulant medication will 
depend upon the physician’s assessment of 
the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 


New dosage form available! 


Cylert Chewable Tablets 





37.5 mg. 


primary psychiatric disorders, including 
psychosis. 


Contraindication: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the 
drug. (See PRECAUTIONS) 


Warnings: Cylert is not recommended 
for children under six years of age since 
safety and efficacy in this age group have 
not yet been established. 

Since Cylert (pemoline) and its metabo- 
lites are excreted primarily by the kidneys, 
caution should be observed in administer- 
ing the drug to children with significantly 
impaired renal function. 

Sufficient data on safety and efficacy of 
Cylert administration for periods beyond 
two years duration in children with minimal 
brain dysfunction are not yet available. 
Although a definite causal relationship 
has not been established, some temporary 
suppression of predicted growth pattern(..e., 
weight and/or height) has been reported 
with the long-term use of stimulants in 
children. Therefore, patients requiring long- 
term therapy should be carefully monitored. 


Drug Interactions: Interactions be- 
tween Cylert and other drugs have not 
been studied in humans. As with most 
other drugs, concurrent administration 
with other agents, especially drugs with 
central nervous system activity, should be 
carefully monitored. 


Usage in Pregnancy: Safety for use in 
pregnancy has not been established. Stan- 
dard studies of fertility,teratology and repro- 
duction were conducted in rats and rabbits. 
Daily oral doses of pemoline of 18.75 

and 37.5 mg/kg beginning at conception 
produced no abnormalities in the fetuses 
and did not affect viability at birth. Further 
studies using similar dose levels with drug 
administration beginning 14 days before 
conception demonstrated an increased 
incidence of stillbirths in these animals. 


Drug Dependence: Studies of the 

drug abuse potential of Cylert (pemoline ) 
in primates have not demonstrated a 
potential for self-administration. However, 
the pharmacologic similarities between 
Cylert and other CNS stimulants with 
known abuse liability suggest that drug 
dependence of the stimulant type might 
occur. There have been isolated reports of 
transient psychotic symptoms in adults 
following long-term misuse of pemoline 
taken orally in excessive quantities. There- 
fore, caution should be observed in emo- 
tionally unstable patients considered to 
have a psychological potential for drug 
dependence. 


Precautions: Delayed hypersensitivity 
reactions involving the liver have been 
reported in 1-2% of the patients receiving 
Cylert usually after several months of 
therapy. No clinical symptomatology has 
been observed, but mild to moderate 


increases in transaminase (SGOT and 
SGPT) levels have occurred in these 

cases. These effects appear to be com- 
pletely reversible when drug treatment is 
discontinued. Transaminase levels should 
be determined periodically during therapy 
with Cylert to detect any such reactions. 


Adverse Reactions: The most fre- 
quently reported adverse reaction with 
Cylert is insomnia. Insomnia has been 
observed prior to optimum therapeutic 
response and in the majority of cases was 
transient in nature or responded to dosage 
reduction. Anorexia with weight loss during 
the first few weeks of therapy has also been 
reported. With continuing therapy, a re- 
turn to a normal weight curve usually 
occurred within three to six months. Other 
adverse reactions reported include stomach- 
ache, skin rash, irritability, mild depression, 
nausea, dizziness, headache, drowsiness, 
and hallucinations. Mild adverse reactions 
appearing early in treatment often remit 
with continuing therapy. If adverse 
reactions are of a significant or protracted 
nature, dosage reduction or discontinua- 
tion should be considered. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. The recommended 
starting dose is 37.5 mg per day. This daily 
dosage should be gradually increased at 
one week intervals using increments of 
18.75 mg until the desired clinical response 
is obtained. The mean daily effective dose 
ranges from 56.25 to 75 mg per day. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administra- 
tion should be interrupted occasionally to 
determine if behavioral symptoms sufficient 
to require continuing therapy recur. 


Overdosage: Cylert overdosage has 
been reported to produce symptoms of 
tachycardia, hallucinations, agitation, or 
restlessness. The treatment of acute massive 
overdosage with pemoline is essentially the 
same as that for overdosage with any drug 
having CNS stimulatory effects. Manage- 
ment is largely symptomatic and may 
include induction of emesis, gastric 

lavage or other measures as appropriate. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 


37.5 mg. tablets (orange-colored) in bottles 


of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles 
of 100 (NDC 0074-6073-13) 

New Dosage Form: 
Cylert Chewable Tablets 37.5 mg. 


(orange-colored, grooved) in bottles c) 
of 100 (NDC 0074-6088-13) 
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Posed by professional models. 








imbalance 


a central problem 
in the management of Parkinson’s disease 





by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 


See last page of advertisement for brief summary of prescribing information. 


a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... 





t 








Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 
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'and that difference 
often depends on proper dosage 









Start with SINEMET-25/250 350mg levodopa Pe nS 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


MSD 


MERCK See following page for brief summary of prescribing information. 
BORM 





Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. See the Warnings 
(below) and Dosage and Administration sections in the full pre- 
scribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
given concomitantly. MAO inhibitors must be discontinued at least 
2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage. (See Dosage and Administration section of full prescribing 
information.) Patients taking SINEMET should be instructed not to 
take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require dosage 
reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 


Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during period of 
initial dosage adjustment, in a facility with provisions for intensive 
cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation. Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dosage adjustment of the 


antihypertensive drug may be required. (For patients receiving ~ 


pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary, 
and patients should be carefully observed for loss of antiparkin- 
sonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and 
dizziness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucinations 
and delusions, agitation and anxiety, malaise, fatigue, euphoria, 
muscle twitching and blepharospasm (may be taken as an early 
sign of excess dosage; consider dosage reduction at this time), 
trismus, burning sensation of tongue, bitter taste, diarrhea, consti- 
pation, flatulence, flushing, skin rash, increased sweating, bizarre 
breathing patterns, urinary retention, urinary incontinence, diplo- 
pia, blurred vision, dilated pupils, hot flashes, weight gain or loss, 
dark sweat and/or urine, oculogyric crises, sense of stimulation, 
hiccups, edema, loss of hair, hoarseness, priapism, and activation 
of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, and 
uric acid are lower during administration of SINEMET than with 
levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET- 
25/250 are supplied in bottles of 100. 16S102 (DC 6834802) MSD 


For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck Sharp A è 
& Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486. OHM 





Original Contributions 


è Thirteen juvenile monkeys were 
taught two visual discrimination tasks. 
After 12 to 24 hours of food deprivation, 
ten underwent 14-minute episodes of 
cardiac arrest. Three served as controls. 
Five of the ten arrested animals survived 
and were tested in the discrimination box. 
All continued to perform color and pattern 
discrimination tasks with one to eight 
days’ delay. All appeared neurologically 
intact, while brain pathologic examination 


after 11 to 64 days’ survival showed either- 


intact brains or injury restricted to nuclear 
structures in the brain stem, cerebellar 
Purkinje cells, and hippocampus. Five 
animals died 4 to 36 hours after they were 
resuscitated. Two required prolonged car- 
diac massage and, despite return of 


| ee who undergo episodes of 
cardiac arrest that last longer 
than three to five minutes and who 
are resuscitated often either die 
outright within a short time or suffer 
marked brain injury.’ Individuals 
who endure episodes of cardiac arrest 
briefer even than three minutes and 
are resuscitated still may show neuro- 
logic impairments.** Experimental 
studies have demonstrated that ani- 
mal brains are also highly susceptible 
to injury as a result of brief periods of 
circulatory arrest.^® Thus, both clin- 
ical and experimental studies support 
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adequate cardiovascular function, died 
early. A third anima! dislodged its arterial 
catheter and exsanguinated. The remain- 
ing two animals, who received infusions 
of glucose just prior to arrest, developed 
widespread fasciculations and myoclonic 
seizures. They became decerebrate and 
opisthotonic and were killed after 10 and 
36 hours. Their brains showed mild 
edema and widespread necrosis of cortex 
and basal ganglia. Thus, food-deprived 
monkeys tolerate 14 minutes of circula- 
tory arrest well and show minimal neuro- 
logic and pathologic changes, while 
administration of glucose just before 
arrest markedly augments the severity of 
brain injury and alters its distribution. 
(Arch Neurol 34:65-74, 1977) 


the concept of a marked brain intoler- 
ance to stasis of blood flow. This view 
is so firmly entrenched in clinical 
teaching and the practice of medicine 
that many physicians question the 
value of attempts at resuscitation 
when patients have suffered episodes 
of cardiac arrest lasting longer than 
five minutes. 

The effects of total cessation of 
blood flow to the brain have been 
reexamined recently in studies with 
rhesus monkeys in which the arch of 
the aorta was cross-clamped** or the 
heart itself stopped.”:'° Individual ani- 
mals were demonstrated to survive 
periods of arrest of circulation that 
persisted for as long as 24 minutes, 
while the majority survived episodes 
lasting longer than 14 minutes. Ani- 
mals that survived arrest of 18 to 20 
minutes duration usually showed 
few long-term neurologic deficits, 
while those that underwent 14 to 16 


minutes of arrest appeared entirely 
normal in almost all instances.’ A 
second group of investigators have 
also produced arrest of cerebral blood 
flow in monkeys by occluding the 
major blood vessels in the neck and 
opening one carotid artery. They 
observed results similar to ours except 
that they experienced difficulty in 
maintaining animals arrested for pe- 
riods longer than 13 minutes.'' The 
findings of both of these two groups 
conflict markedly with the results of 
all other studies of the effects of 
circulatory arrest where long-term 
survival and study of brain pathology 
was achieved. 

The pathology of the brain caused 
by circulatory arrest has been well 
demonstrated both in man**'*'* and 
in experimental animals.*” While the 
pathologic disorder commonly pro- 
duced by cardiac arrest generally 
affects the cerebral cortex, other 
structures in the hemispheres also 
may be injured. These include the 
corpus striatum, the globus pallidus, 
and the Sommer sector of the hippo- 
campus. Cerebellum also frequently is 
damaged, while brain stem structures 
are rarely described as injured. Unac- 
countably, our arrested rhesus mon- 
keys regularly showed a pattern of 
injury that was almost entirely re- 
stricted to nuclear structures of the 
brain stem.*'’ Prominently affected 
were the motor nuclei of the third, 
fourth, fifth, and sixth cranial nerves, 
the inferior colliculi, parts of the 
gracile and cuneate nuclei, and the 
Purkinje cells of cerebellum. Only a 
small minority of our animals have 
shown injury to structures in the 
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Fig 1.—Changes in EEG activity and blood pressure caused by 14 minutes of KCI- 


induced cardiac arrest. 
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Fig 2.—Early blood pressure and EEG changes produced by injection of KCI. 


hemispheres; these were inevitably 
animals that were difficult to resusci- 
tate and that remained hypotensive 
and/or hypoxic (because of atelecta- 
sis) for many hours following resusci- 
tation. 

Humans who suffer cardiac arrest 
lasting more than a few minutes regu- 
larly manifest a variety of neurologic 
deficits afterwards. Typically, they 
remain in coma for many hours." 
Later, depending on severity of brain 
injury, they may show the signs of 
spastic quadriplegia and suffer from 
multiple disorders of sensation. They 
may be mute and demented. However, 
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the deficit generally considered most 
characteristic of cardiac arrest is 
visual loss; these disturbances of 
vision may vary from a complete 
blindness to a persistent difficulty 
with object recognition." The vari- 
ous visual and other neurologic abnor- 
malities may remain permanently, or, 
as commonly occurs, they may disap- 
pear over a period of days to weeks. 
The many discrepancies that exist 
between our rhesus monkey findings 
and the clinical and experimental 
findings of others demand further 
investigation. Our monkey studies 
need be repeated and a particular 


effort made to determine whether we 
may have overlooked subtle neurologic 
abnormalities earlier. The present 
study was specifically designed to 
determine whether 14-minute epi- 
sodes of cardiac arrest affect the 
visual memory and perception of 
monkeys. The study incorporates for- 
mal behavioral training and testing 
procedures as well as neurologic and 
brain pathologic examinations of all 
animals—both of those animals surviv- 
ing arrest and those dying after an 
initial period of revival. Since all 
animals were deprived of food and 
water in preparation for anesthesia 
and arrest, all were hydrated by intra- 
venous infusions of physiologic saline 
or 5% glucose in saline prior to arrest. 
Unexpectedly, the infusion of glucose 
solutions immediately before arrest 
dramatically altered the response of 
the animals to stasis of blood flow. For 
this reason, a particular attention is 
paid below to the effects of use or 
nonuse of glucose solutions prior to 
arrest. The effects presently reported 
with respect to glucose effects have 
already been fully confirmed by fur- 
ther investigations in our laborato- 


ry 19.20 


METHODS 
Behavioral Test Procedures 
Thirteen juvenile rhesus monkeys 


weighing 2.5 to 3.5 kg each were used. All 
were previously trained and overtrained on 
two visual discrimination tasks. Ten were 
then subjected to single 14-minute episodes 
of cardiac arrest while the remaining three 
served as controls. Prearrest and postar- 
rest training and testing was carried out in 
a 60 x 60 x 60-cm Plexiglas chamber. One 
wall of this chamber contained two circular 
stimulus panels (diameter, 2.5 em) mounted 
10 cm apart and 30 cm above the chamber 
floor. These translucent panels served as 
projection screens for stimulus display and, 
when directly touched, as response-mediat- 
ing switches. A metal cup mounted 15 em 
below the stimulus panels received feeder- 
dispensed sucrose pellet rewards. The test 
chamber itself was contained within an 
acoustically insulated compartment. 

All animals were taught two visual 
discrimination tasks. During training on 
one or the other task, the two stimuli of a 
pair were projected one onto each of the 
two stimulus panels. Initially, the animals 
were taught a blue-green discrimination 
response. When they touched that panel 
displaying the “correct” blue stimulus, they 


Cardiac Arrest in Monkeys—Myers & Yamaguchi 


u 


received a food pellet reward; when they 
pressed that displaying the “incorrect” 
green stimulus, they received no food 
reward and the usual two-second intertrial 
interval was prolonged by an added eight 
seconds before the stimuli were presented 
for the next trial. Both stimulus panels 
were blacked out throughout all intertrial 
intervals. Within-trial error correction was 
discouraged by-inactivating both stimulus 
panels after the first effective response 
was made within each trial. Additional 
presses on either stimulus panel before the 
next stimulus presentation caused eight 
seconds to be added to the blackout time, 
postponing the next trial. The right-left 
positions of the stimuli were varied from 
trial to trial according to Gellermann’s 
sequence.*' Each animal was run 100 trials 
a day. 

The monkeys continued training on the 
blue-vs-green discrimination task until 
they chose the correct panel on 90 or more 
of 100 trials over two consecutive sessions. 
Then they were overtrained for five addi- 
tional sessions. The square-vs-circle dis- 
crimination task was next taught, using 
identical training procedures. After the 
animals completed overtraining on this 
second task, they were subjected to the 14- 
minute episodes of cardiac arrest. 
Throughout all training and testing peri- 
ods all animals were maintained on 
restricted rations. 


Procedures for Cardiac Arrest 


All animals were food-deprived for 18 to 
24 hours in preparation for anesthesia and 
arrest. On the morning of arrest, each 
animal was anesthetized with 2% thio- 
pental sodium, 80 mg/kg intravenously. An 
endotracheal tube was inserted and se- 
cured in place. The free end was attached 
to a Harvard respirator, and the animals 
were mechanically ventilated until they 
were arrested and then through the early 
recovery period. The right inguinal region 
was incised and the right femoral artery 
and vein were exposed. Polyethylene cath- 
eters (inside diameter 1.2 mm; outside 
diameter 1.7 mm) were introduced and 
fixed in these blood vessels so their tips 
rested at midthoracic level. Needle electro- 
encephalographic leads were inserted into 
the right and left central regions and elec- 
trocardiographic leads were attached to the 
right arm and left leg. The catheters and 
leads were connected to appropriate pres- 
sure transducers or voltage amplifiers, and 
the animals’ pulsatile and mean arterial 
blood pressures, heart rates, EEGs, and 
ECGs were continuously recorded. Arterial 
blood samples were periodically withdrawn 
and analyzed for pH, Po., and Pco, using 
the direct reading microelectrodes of an 
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Fig 3.—Pathologic changes in third and 
fourth cranial nerve nuclei of animal 2 
(top) and animal 1 (center), respectively, 
and in sixth cranial nerve nucleus of 
animal 2 (bottom). Third cranial nerve 
nucleus is most seriously affected and 
shows loss of many of its nerve cells 
associated with changes in background 
staining. Less prominent alterations in 
fourth and sixth cranial nerve nuclei are 
still apparent as a sketchy loss of nerve 
cells and alteration in background staining 
(survival of 49 and 11 days). 


Astrup apparatus. Samples were taken 
during the 30-minute control period and 
for several hours into the recovery period 
to monitor and regulate the animals’ respi- 
ratory gas and acid-base states. The respi- 
rator rate and stroke volume and the 
composition of the inspired gas mixture 
were adjusted so as to maintain the 
animals’ arterial blood Po., Pco,, and pH 
values within their normal ranges (Po,, 90 
to 110 mm Hg; Pco,, 28 te 34 mm Hg; and 
pH, 7.41 to 7.45). To ensure adequate 
hydration, 40 to 200 ml of physiologic saline 
(ten animals) or 5% glucose in saline (ani- 
mals 2, 9, and 10) were infused. In animals 
9 and 10, the 100- and 200-ml glucose 
infusions were terminated only ten min- 
utes prior to arrest, while in animal 2 the 
100-ml infusion was terminated 90 minutes 
beforehand. Twenty milligrams of lido- 


caine (Xylocaine) was injected ten minutes 
before arrest to diminish cardiac irrita- 
bility and to forestall cardiac arrhythmias 
during resuscitation. All pharmacologic 
agents and the KCI solution were infused 
or injected directly into the inferior vena 
cava close to the heart through the femoral 
vein catheter. 

Thiopental, an ultra-short-acting barbit- 
urate, was used as anesthetic agent. 
Although several animals still were anes- 
thetized, most had awakened at the time of 
arrest. Arrest of heart action was brought 
about by injecting 5 ml of a solution 
containing KCl, 0.6 mEq/ml, over a five- 
second period. The course and com- 
pleteness of the induced cardiac arrest was 
monitored and verified throughout the 
procedure by following the ECG and blood 
pressure recordings. Changes in EEG 
amplitude, pupil size, and breathing move- 
ments were also monitored. The endotra- 
cheal tube was clamped at the beginning of 
arrest to prevent air movement through 
the lungs during gasping. 

At the end of the period of arrest, the 
endotracheal tube was released; the ani- 
mals were ventilated mechanically with 
oxygen; closed-chest cardiac massage was 
administered; and 7.5 ml of 5% dextrose in 
saline mixed with 7.5 ml of 7.5% sodium 
bicarbonate solution and 50 ug of epineph- 
rine was injected. The epinephrine injec- 
tion was repeated up to three times if 
necessary. Direct current defibrillator dis- 
charges were required in six animals to 
interrupt ventricular fibrillation. Addition- 
al sodium bicarbonate (5 to 10 ml) was 
injected in three animals to treat persist- 
ing acidosis. Body temperature was main- 
tained at 37 to 38 C by a warm water 
mattress and a radiant heat-shield. The 
control animals were prepared and treated 
in the same way as the experimentals 
except they were injected with NaCl rather 
than KC! solutions. 


Postarrest Neurologic and 
Psychologic Testing 


All animals were evaluated neurologi- 
cally at 30-minute intervals during the 
first four hours and at 2-hour intervals 
thereafter during the first 24 hours after 
arrest. Their corneal and pupillary reac- 
tions were checked as were their levels of 
consciousness and motor reactions. Muscle 
tone and tendon reflexes were evaluated 
and the animals were examined for reac- 
tivity to sound, touch, and visual stimula- 
tion. All examination results were recorded 
in laboratory notes. 

Those animals that survived were 
replaced in the problem box and their 
performances on the visual discrimination 
tasks tested as soon as they could sit. 


Cardiac Arrest in Monkeys—Myers & Yamaguchi 67 





Table 1.—Time of Alteration (Seconds) of Selected Neurologic Functions After 
Onset of Cardiac Arrest 


Pupil Dilation 


Animal Onset Maximum 


Survivors 
25 90 


20 40 
145 
120. 


Nonsurvivors 
6* Fp 60 


77 seit E 

87 45 
ot 

104 





*Exsanquinated. 
*Prolonged cardiac massage. 


t5% glucose infusion 15 minutes prior to arrest. 


Gasps 


EEG 
Flattening First Last 


No. of Gasps 


105 210 
235 283 
195 465 
103 178 
160 400 


76 183 
291 
85 290 
442 
632 


Table 2.—Time of Recovery (Minutes) of Various Physiologic Functions From 
End of 14-Minute Cardiac Arrest 


Pupil 
Constriction 


pA ane ae 
Onset Maximum Gasp Breath Alert Sit 


Survivors 
12.0 


3.5 

4.0 

9.8 

3.3 
Nonsurvivors 

6* 3.8 

26.0 


46.0 
15.0 


4.8 





Vision 


*Died during first 12 hours due to technical errors. 


Died during first 24 hours in shock. 


During the early days, the experimental 
animals either declined entirely to perform 
or greatly reduced their speeds of perform- 
ance. Because of slowness of performance, 
the test schedule was modified so the 
arrested animals were evaluated on the 
two tasks on alternate 20 and, later, on 
alternate 50 rather than 100 trials. All 
animals continued to be tested until they 
were killed 11 to 64 days after arrest. 


Examination of Brain 


After psychologic testing was completed, 
the animals were anesthetized with pento- 
barbital. Their chest wall was opened, the 
pericardium was incised, and the right 
auricle was amputated. A glass cannula 
was fixed into the ascending aorta and 400 
to 600 ml of formaldehyde solution was 
perfused through the blood vessels. The 
brains were removed and placed into a 
large volume of formaldehyde solution for 
two weeks of further fixation. Afterwards, 
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they were washed in tap water and their 
surfaces and coronal slices examined for 
pathologic changes. Serial thionine-stained 
T-u paraffin sections were also studied with 
the light microscope. All abnormal gross or 
microscopic findings were recorded pho- 
tographically and described in laboratory 
notes. 


RESULTS 
Arrest of Circulation and 
Resuscitation 


The cardiovascular, respiratory, and 
functional central nervous system 
changes produced by circulatory ar- 
rest were similar in all animals with 
the exceptions noted below. The 
sequence of events appearing in the 
polygraph recordings of monkey 2 
(Fig 1) are typical of the changes 
observed in all. The injection of KCl 
solution caused the heart to stop 





beating with a five-second delay from 
the beginning of injection (which 
equals circulation time from site of 
injection to coronary arteries). When 
the heart stopped beating, the mean 
blood pressure recorded in the thoracic 
aorta declined precipitously from 
about 100 to 120 mm Hg to 4 to 11 mm 
Hg; the intra-aortic pressure re- 
mained at this level until cardiac 
massage was instituted 14 minutes 
later. However, six animals showed 
four to ten isolated 4- to 15-mm Hg 
pressure surges during the first min- 
ute. These pressure pulses resulted 
from widely spaced heart contrac- 
tions, which reappeared after initial 
cessation of beat. These renewed 
contractions then either subsided 
spontaneously or were terminated by 
injection of additional KCl. Still later, 
the pressure recording showed peri- 
odie disturbances caused by gasping 
movements as can be seen in the 
tracings depicted in Fig 1. 

Seven animals were nearly awake 
when arrested. They were reacting to 
sensory stimulation and moving about 
on the table. The neurologic changes 
then induced by the 14 minutes of 
circulatory arrest are detailed in 
Table 1. The arrest of circulation 
combined with endotracheal tube oc- 
clusion caused all animals to begin 
rapid and forceful breathing. This 
hyperpnea, commonly associated with 
body movements, was superseded af- 
ter 40 to 70 seconds by apnea and 
quiescence. This apnea and quiescence 
lasted until 137 + 55 seconds (range, 
76 to 235 seconds) in those animals 
that received saline or early glucose 
infusions and until 150 and 175 
seconds in the two animals that 
received late glucose infusions. Gasp- 
ing movements then appeared and 
continued for 150+ 80 seconds 
(range, 48 to 270 seconds) in the saline 
and early glucose animals and for 292 
and 457 seconds in the late glucose 
animals. Gasping then ceased at 
288 + 102 seconds (range, 178 to 465 
seconds) in the saline and early 
glucose animals, and at 442 and 632 
seconds in the late glucose animals. 
During this time, the saline and early 
glucose animals gasped 10.0 + 8.4 
times (range, 7 to 28 gasps) while the 
two animals that received late glucose 
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gasped 20 and 97 times according to 
the volume of glucose solution re- 
ceived. Animal 2, whose tracing is 
illustrated in Fig 1, gasped ten times, 
beginning at 235 seconds and termi- 
nating at 283 seconds. Thereafter, all 
of the animals remained flaccid until 
after they were resuscitated. 

The behavior of the pupils was 
unaffected by glucose infusions. The 
pupils began dilating at 18 + 7 sec- 
onds after the rapid fall in blood pres- 
sure (range, 10 to 25 seconds) and 
were fully dilated by 92 + 40 seconds 
(range, 40 to 145 seconds). Thereafter, 
the pupils remained dilated and would 
not react to light stimulation. 

The early effects of KCl injection 
on blood pressure and EEG are shown 
in Fig 2. The EEG was taken in nine 
of the ten animals arrested. In two of 
these, the KC] injection caused a brief 
(three to seven seconds) decrease in 
EEG amplitude beginning about five 
seconds after injection. The EEG 
rapidly restored to its preinjection 
value. An example of such an early, 
short-lived decrease in EEG ampli- 
tude caused by KCl injection can be 
seen in Fig 2. In two other animals, 
the KCl injection caused similar early 
decreases in EEG amplitude. In these 
animals, however, the decreased am- 
plitude persisted and EEG activity 
stopped early (at 11 and 20 seconds). 
The early changes in EKG activity ex- 
hibited by these four animals prob- 
ably resulted from arrival at the brain 
of excess KCl before the heart stopped 
beating. In five of the animals (the 
two that showed early but transient 
EEG changes and three others) the 
EEG activity ceased abruptly at 
26+ 1 second (range, 25 to 28 
seconds). In the remaining two ani- 
mals, several spaced heartbeats acting 
during the first 30 seconds after the 
heart stopped beating postponed EEG 
flattening until 38 and 45 seconds. 
Thus, after the first minutes of arrest, 
the animals showed no electrical brain 
activity; they remained flaccid and 
motionless; they were apneic; and 
their pupils were dilated and fixed. 

The time required to reinstate 
regular heart action as a result of 
resuscitatory efforts can be seen from 
column 2 of Table 2. Manual closed- 
chest cardiac massage was instituted 
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Fig 4.—Appearance of Purkinje cell layer 
of cerebellum of monkey 2, illustrating 
complete loss of Purkinje cells and hyper- 
trophy of layer of Bergmann glia. Note 
preservation of Golgi type Il cells in 
Purkinje cell layer (survival of 11 days). 
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Fig 5.—Extensive zone of nerve cell loss in 
right hippocampus of monkey 4 after 
survival of 14 days. 


at the beginning of efforts at resusci- 
tation and was continued with brief 
interruptions until regular heart ac- 
tion was restored. Closed-chest mas- 
sage generally caused the pressure 
recorded within the thoracic aorta to 
elevate to maximum values of 100 to 
120 mm Hg and average values of 40 
to 60 mm Hg. That this cardiac 
massage was successful in circulating 
oxygenated blood through the brain is 
testified to by the fact that three of 
the present animals recommenced 
gasping before their hearts resumed 
beating. Satisfactory action of the 
heart with restoration of blood pres- 
sure to values close to normal was 
achieved in eight of the arrested 
animals within 7.0 + 4.6 minutes 
(range, 3.3 to 15.0 minutes) after 
massage was started. The remaining 
two animals (No. 7 and 8) required 26 


and 46 minutes, respectively, of 
cardiac massage. In animal 8, when 30 
minutes of closed-chest massage 
failed to restore heart action, a thora- 
cotomy was performed and the heart 
was directly massaged. Once heart 
action was restored, the blood pres- 
sure returned to near-normal values 
within 16 + 4 seconds (range, 10 to 20 
seconds). Afterwards, the oxygen con- 
tent of the ventilatory gas mixture 
was rapidly reduced so that only that 
supplemental oxygen was given, 
which was required to maintain 
arterial blood Po, within the range of 
90 to 110 mm Hg. The sodium bicar- 
bonate injections given early during 
resuscitation generally restored the 
blood pH to values within the normal 
range. 


Recovery of Neurologic Function 


All animals ultimately recovered an 
adequate cardiovascular performance 
as a result of resuscitation. The 
various signs of recovery of neurologic 
function achieved and their times of 
achievement are described in Table 2. 
Gasping movements were often the 
first signs of recovery: three animals 
began gasping already while they still 
received cardiac massage. In all 
instances, the gasping movements 
were superimposed on the chest excur- 
sions produced by the respirator. 
Later, normal breathing movements 
reappeared and the animals were 
disconnected from the respirator. 
Spontaneous breathing returned at 
60 + 36 minutes (range, 6 to 120 
minutes). The pupils first began to 
constrict at 9.4 + 4.2 minutes (range, 
6 to 18 minutes) if the findings in 
animal 8 are excluded. Full pupillary 
constriction was observed in these 
animals at 33 + 10 minutes (range, 13 
to 44 minutes). Evidences of EEG 
recovery in the form of isolated, irreg- 
ular spindle bursts reappeared at 
14+ 1.3 hours (range, 0.4 to 43 
hours). Thereafter, these spindle 
bursts became more and more fre- 
quent until they coalesced to form a 
continuous line of activity. The ampli- 
tudes of the EEG then recovered to 
near-normal values after 2.2 + 1.6 
hours (range, 0.3 to 4.4 hours). 

All animals recovered normal 
breathing and their pupils returned to 
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Table 3.—Levels of Performances on Blue-vs-Green Discrimination Before and 
After Cardiac Arrest 


No. of Sessions 
to Reach 


Animal Criterion 


Experimental 
1 


Mean + SD 


Control 
11 


12 
13 
Mean + SD 





% Correct 
Before Arrest 


% Correct 
After Arrest 


98.5 100.0 
97.5 100.0 
97.3 96.2 
97.7 100.0 


94.4 90.2 
97.1 + 1.6 97.3 + 4.3 


94.1 92.0 
88.9 92.0 
94.1 100.0 
92.4 + 1.7 94.7 + 2.7 


Table 4.—Levels of Performances on Square-vs-Circle Discrimination Before 
and After Cardiac Arrest 


No. of Sessions 
to Reach 


Animal Criterion 


Experimental 
1 


Mean + SD 


Control 
11 


12 
13 
Mean + SD 





normal sizes. However, three of the 
animals failed to show any further 
neurologic recovery and five died 
within the first day or two as follows: 
animal 6 recovered sufficiently to 
respond to painful stimulation and 
began moving around on the table. It 
dislodged its arterial catheter and 
exsanguinated while unattended at 14 
hours. The two animals that required 
prolonged cardiac massage also died: 
monkey 7 developed the physical 
findings of brain stem compression 
and died after 6.5 hours, while monkey 
8 suffered a massive atelectasis, 
remained hypoctic and acidotic, and 
died in shock after 4.0 hours. The 
three animals that received glucose 
infusions all rapidly recovered a satis- 
factory cardiovascular status and 
maintained normal blood gas values. 
However, animals 9 and 10, both of 
which received late glucose infusions, 
remained in coma. Within two and six 
hours, respectively, they began to 
exhibit widespread muscular fascicu- 
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% Correct 
After Arrest 


% Correct 
Before Arrest 


97.6 98.0 
97.7 98.0 
98.3 94.2 
98.2 99.0 
90.4 91.8 
96.4 + 3.4 96.2 + 3.1 


91.7 88.0 
94.6 84.0 
96.4 90.0 
94.2 + 2.4 87.3 + 3.1 


lations and, several hours later, they 
developed repetitive generalized myo- 
clonic seizure discharges. They be- 
came decerebrate, opisthotonic, and 
developed signs of disturbed brain 
stem function (dilated fixed pupils, 
apnea, vasomotor instability). These 
two animals were killed 10 and 36 
hours, respectively, after they were 
arrested. The animals that received 
early glucose survived and resembled 
the animals that received no glucose. 
The remaining discussion details the 
further recovery of the five animals 
that survived and were tested later in 
the discrimination apparatus. 

These animals began responding to 
painful stimulation at 2.1 + 1.1 hours 
(range, 0.7 to 3.9 hours) and appeared 
fully awake at 6.5 + 4.0 hours (range, 
2.1 to 10.9 hours). Two regained 
consciousness after 2.1 and 2.3 hours 
while the remaining three recovered 
consciousness after 9.2, 9.8, and 10.9 
hours. These animals responded fully 
to tactual and auditory stimulation as 


soon as they awakened. However, they 
all showed signs of impaired vision 
when tested at that time. At first, 
they responded only to large changes 
in illumination; 8 to 12 hours later 
they began to respond to large moving 
objects, but only when the objects cast 
a shadow across the animals’ faces. 
Their emotional reactions to visual 
stimulation remained depressed and 
their faces appeared masked. Later, 
they recovered evidences of pattern 
perception rather suddenly. Thus, as 
late as at 19 hours monkey 5 failed to 
respond to the observers’ presence. 
One hour later, this animal vigorously 
withdrew when the experimenters 
merely approached. 

The five animals that survived to be 
tested in the problem box were last 
examined just before they were killed. 
None of them showed any neurologic 
abnormalities. They all reacted nor- 
mally when the experimenters ap- 
proached. Their facial expressions and 
vocalizations were completely recov- 
ered. Their eye movements were full 
in all directions and they showed no 
strabismus. Their motor coordination 
was excellent and they showed no past 
pointing or tremor in reaching for 
objects and no clumsiness in picking 
up food pellets. Gait and stance were 
normal. 


Prearrest and Postarrest 
Performances on Visual 
Discrimination Tasks 


The animals’ performances on the 
visual discrimination tasks are sum- 
marized in Tables 3 and 4. The 
sessions required to reach criterion 
performance on the two tasks during 
prearrest training are described in 
column 2 of both tables. The animals 
of the experimental and the control 
groups required about the same num- 
ber of sessions to learn the two tasks 
(t = 0.19; df = 6). Their prearrest per- 
formance are described in column 3 as 
average % correct responses made 
during the two criterion-defining and 
the five overtraining sessions. The 
experimental animals were superior 
to the controls in acquiring the blue- 
vs-green discrimination task, while 
the animals of the two groups were 
about equal in learning the square-vs- 
circle task. 
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First Retest Sessions 


LN N 


Days 
Day of for 
First 100 
Response Trials 


j Experimental 
1 
2 
3 
4 
5 


Mean + SD 


Control 
11 20 min 


12 15 min 
13 20 min 
Mean + SD 18.3 + 2.9 


3.0 + 3.7 


All monkeys were retested as soon 
as they recovered from anesthesia or 
from anesthesia and arrest and were 
capable of sitting upright. The control 
animals appeared entirely unchanged 
by the foregoing anesthesia and 
minor operative procedures. They con- 
tinued performing the two discrimi- 
nation tasks at the same high levels as 
before. They consumed the food pellet 
rewards as rapidly as they were 
dispensed—even when they were still 
clumsy in hand use. The arrested 
animals performed differently from 
the controls. Their activity levels were 
generally diminished. At first, they 
refused to perform the discrimination 
tasks even though their motor coordi- 
nation had recovered completely. 
They sat far away from the test 
panels and avoided touching them. 
They manipulated one or another 
feature within the test chamber and, 
although several animals occasionally 
touched the one or the other response 
panel, they failed to exert sufficient 
force to actuate them. They were also 
slow to eat any sucrose pellets 
dispensed to them. 

The arrested animals delayed one to 
eight days before they resumed per- 
forming. Even after they began 
responding again, they regularly hesi- 
tated many minutes between 
responses. Even so, their per- 
formances were at high levels from 
the beginning as indicated in column 4 
of Tables 3 and 4. Comparisons of the 
results show that the animals of both 
groups performed the two tasks as 
well after as they did before arrest (or 
control treatment). Furthermore, 
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% Correct 
(100 Trials) 


Post- 
arrest 
Square-Circle Day 


Blue-Green 


96 
98 
98 
100 
62 


90.8 + 16.2 29.4 + 25.4 


92 88 

92 84 
100 90 

94.7 + 4.6 87.3 + 3.1 








20.8 + 3.4 


Final Retest Sessions 


= "7 


% Correct 
(100 Trials) 


Blue-Green Square-Circle 


100 
92 
100 
92 
96.8 + 4.4 


ae 


Fig 6.—Cross-section through brain of monkey 7, showing extensive necrosis with loss of 
Staining of tissue of left parietal lobe. Asymmetry of section accounts for apparent 
differences in extent of injury in the two hemispheres. 


when posttreatment performances 
were compared, the animals of both 
groups performed the two tasks at 
about the same level of competence 
except that the arrested animals 
excelled in performing the square-vs- 
circle task (P = .01). 

The magnitudes of the experimen- 
tal animals’ slowdowns in perform- 
ance are illustrated in Table 5. 
Columns 2 and 3 depict the days that 
elapsed before they completed their 
first trials and before they completed 
their first 100 trials. Even after they 
resumed responding, none of the 


arrested animals completed 100 test 
trials on the first day. Yet, as indi- 
cated in columns 4 and 5, the 
performances remained at high levels 
(50 trials run on blue-green and 50 on 
square-circle discrimination). Of the 
five arrested animals only monkey 5 
slightly and temporarily lowered its 
scores. After many days of testing, 
the arrested animals gradually quick- 
ened their rates of responding. How- 
ever, none completed the last 100 test 
trials in the normal 15 minutes even 
though, by that time, they had 
survived for 11 to 64 days. 
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Fig 7.—Appearance of injury to cortex of posterior parietal lobes of both hemispheres 
(top) and of right paracentral cortex (bottom) in monkey 9. This animal received an 
infusion of 200 ml of 5% glucose in saline, discontinued only ten minutes before his heart 
was arrested for 14 minutes. Both animals that received glucose infusions terminating 
just prior to arrest showed mild brain swelling and widespread necrosis of cortex and 
basal ganglia despite rapid and entirely effective resuscitation. 


Neuropathologic Findings 


The brains of the five animals 
tested in the discrimination apparatus 
showed no pathologic abnormalities 
when examined grossly. However, 
microscopic examination of the brain 
revealed lesions in four of the five 
(Table 6). The brain of animal 5 
showed no injury while the brain of 
animal 3 showed only minor injury to 
the hippocampus. Monkey 4 suffered 
injury to several structures all located 
in the brain stem, including the third, 
fourth, and sixth cranial nerve nuclei, 
the inferior colliculi, and the Purkinje 
cells of the cerebellum. This brain also 
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showed injury to the hippocampus. 
The brains of the remaining two long- 
term survivors showed the same 
pattern of injury as did the brain of 
monkey 4, but the damage was less 
severe. The injury sustained by the 
third, fourth, and sixth nerve nuclei, 
the loci most typically injured follow- 
ing cardiac arrest, is illustrated in the 
three photomicrographs of Fig 3. The 
loss of Purkinje cells associated with 
hyperplasia of the layer of Bergmann 
glia is demonstrated in Fig 4, while 
the nature of injury to the hippo- 
campus as observed in monkey 4 can 
be seen in Fig 5. The damage to the 
brain of animal 2, which received 


early glucose, was the same as the 
injury observed in the brains of the 
animals that received saline alone. 
The inferior colliculi were damaged 
only in animal 4. None of these long- 
term survivors showed any injury to 
the cerebral cortex, the basal ganglia 
(outside of the hippocampus), or the 
hemispheral white matter. 

The brain pathologic findings of the 
animals that died in the early hours 
following resuscitation differed from 
the findings observed in the long- 
term survivors. The exact findings 
depended on prior history. Animals 6 
and 8, which died after exsanguina- 
tion or shock, showed no brain abnor- 
malities. Animal 7, which required 26 
minutes of cardiac massage to recover 
heart action and died seven hours 
later with clinical signs of brain stem 
compression, exhibited a moderate 
flattening of the cerebral convolutions 
and a herniation of the cerebellar 
tonsils and vermis. Both parietal lobes 
showed extensive early necrosis (Fig 
6). 

The two animals that received late 
glucose infusions also showed exten- 
sive brain damage. Both brains 
showed a slight herniation of the cere- 
bellar tonsils and vermis through the 
foramen magnum. However, the cere- 
bral convolutions did not appear flat- 
tened. The cortex and basal ganglia of 
both animals showed the microscopic 
findings of widespread severe necro- 
sis. Only the orbitofrontal and medial 
temporal regions remained relatively 
unaffected by these changes. The 
nuclear structures of the brain stem, 
which are normally damaged by circu- 
latory arrest, also showed extensive 
losses of stainability and the ap- 
pearance of dissolution of neuronal 
populations. The individual cerebellar 
Purkinje cells either disappeared en- 
tirely or exhibited marked ischemic 
cell change. The injury to the posterior 
parietal cortex and the cortex of the 
paracentral region of animal 9 is illus- 
trated above and below in Fig 7. 


COMMENT 


Wolin et al” arrested circulation to 
the brain in monkeys by occluding the 
major blood vessels in the neck for 4 to 
14 minutes. Afterwards, they tested 
these animals for their ability to learn 
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ten different psychologic tasks. The. 


arrested animals resembled ‘the con- 
trols in their rates of learning of all 
tasks except one. Similarly, the pres- 
ent animals continued to perform 
visual discrimination tasks without 
evidence of memory loss or of dimin- 
ished capacity within days after they 
were exposed to 14 minutes of cardiac 
arrest. These results indicate that 
nonhuman primates can undergo peri- 


-ods of circulatory arrest lasting as 


long as 14 minutes without showing 
signs of diminished learning ability, 
changes in visual perception, or 


- Impairments in memory. 


However, the present animals did 
delay significantly before they re- 
turned to performing the previously 
acquired discrimination tasks. Fur- 
thermore, they slowed their rates of 
responding and this slowdown per- 
sisted to some degree throughout 
their survival. They also diminished 


. their general levels of activities and 


responded to food reward with less 
interest. Thus, the present animals 
did suffer from vaguely defined 
decreases in, motivation and general 
activity. Furthermore, the magni- 


tudes of these chariges generally bore 


a relation to the severities of injury 
observed to structures in their brain 
stems, ie, the two most affected 


animals showed most extensive brain . 


stem injury while the two animals 
that resumed responding with only 
one to two days’ delay’ showed no 
injury to structures in brain stem. The 
diminished motivation of the present 
animals reminds us of the diminished 
emotional reactivity of. rhesus mon- 
keys subjected’ to episodes of total 


asphyxia at birth.’ The significance - 


of this possible correlation is more 
readily apparent when ‘account is 
taken of the fact that episodes of total 
asphyxia .and of circulatory arrest 
produce similar patterns of injury to 
structures in the brain stem.”>-"° ` 

. The brains cf the animals that 
survived showed a pattern of damage 


affecting primarily gray matter nu- - 


clei in the brain stem. However, 
despite the clearly definable lesions 
affecting these structures, these ani- 


mals failed to demonstrate definite | 


neurologic abnormalities outside of 
the changes in reactivity when exam- 
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Table 6.—Histopathologic Findings 


‘Severity of Injury (Scale, 0 to 4+) 


inferior 
Colliculi 


` Animal 





ined after arrest. Particularly note- 
worthy is the fact that the arrested 
animals showed no abnormalities in 
eye movements despite injury to their 


eye muscle nuclei in most cases. Thus, 


the present results confirm our earlier 
findings both with respect to the 
general absence of neurologic abnor- 
malities after 14 minutes of circula- 
tory arrest and with regard to the 
distribution of injury to structures in 
the brainstem after long-term surviv- 
ao 

However, two important differ- 
ences emerge between our present 
and earlier findings. A larger propor- 
tion’ of the animals in the current 
study showed brain injury after 14 
minutes of circulatory arrest. How- 
ever, the present animals were 
treated differently from our earlier 
animals in one important respect. The 
earlier animals were deeply anesthe- 
tized with pentobarbital at the time 
they were arrested, while most of the 
present monkeys were allowed to 
recover from anesthesia before they 
were arrested. ‘Thus, differences in 
depths of anesthesia may account for 
differences in severity of brain injury 
observed in the two studies. The effec- 
tiveness of anesthetic agents in pro- 
tecting the brain from the damaging 
action of asphyxia or of anoxia has 
been well established by earlier stud- 
ies in this laboratory and else- 
where.” 

The hippocampus was irea much 
more frequently in the animals in this 
latter study. In our earlier study, the 
extent of damage to the inferior colli- 


culi, to the third, fourth, and. sixth 


cranial nerve nuclei, and to certain 
nuclei of the thalamus could be related 
to the duration of arrest of circulation. 
In contrast to this, the extent of 
injury to the hippocampus did. not 
correlate with the duration of arrest 
but occurred with equal frequency 
among animals of all insult durations 


3rd, 4th, 6th 
Nerve Nuciei 


Cerebellum Hippocampus 


' that were sufficiently long as to cause 


brain injury. Thus, some other as yet 
unidentified influence’ must operate 
in conjunction with the arrest of circu- 
lation to account for injury to the 
hippocampus. 

This confirmation of- our earlier 
findings leaves unanswered the ques- 
tion of what underlies the major 
differences in outcome observed he- 
tween our results In monkeys and the 
findings of clinical experience. Some 
part of these differences in outcome 
may be accounted for by differences 
in effectiveness of resuscitation. In 
the experimental situation, all neces- 
sary drugs, equipment, and personnel 
stand in readiness for resuscitation. 
The procedures are carried out on 
young, healthy animals. Extended 
periods of hypoxemia or cerebral 
underperfusion are generally avoided 
during resuscitation. In contrast to 
these ideal circumstances provided for 
the experimental animals, most hu- 
mans undergo cardiac arrest and are 
resuscitated under less favorable con- 
ditions. Problems arise because the 
episodes of arrest are unexpected. The 
fact that arrest has occurred may not 
be recognized early. Needed equip- 
ment, drugs, oxygen, and, especially, 
trained personnel may be lacking at 
the scene. As a consequence, during 
attempts at resuscitation, arrest pa- 
tients are often exposed to extended 
periods during which the oxygenation 
of the blood and the level of blood 
pressure may be inadequate. These 
added adversities may combine with 
the effects of the eardiac arrest itself 
to produce’ greater damage to the 
brain than might have resulted other- 
wise, An extended hypoxemia or low 
blood pressure caused by complicated 


_resuscitations may account for the 


tendency of “circulatory arrest” in 
man to. lead to hemispheral rather 
than brain stem injury. Furthermore, 
the presence of anesthesia in our 
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ical” outcome developed: following: a. 
rapid and. fully effective resuscitation; 
it differs in all respects from the. 
clinical ‘course otherwise. ‘regularly 
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- tation‘ is uncomplicated: The brains of ` 
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“edema and ‘widespread areas of necro- 
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response to stasis of blood flow, This 
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in: their. brains’ tolerances to’ arrest’ of: 


“blood flow.: ‘All animals with high 
blood. glucose’ levéls at. the. time hey- 


dead within 6 to. 18 hours: ` Further- 
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? . = 
t 


References. 


“m 


Ar > 
“Arch Newel 29: 394.399, 197 3, Be 

- 10. Myers RE: Neuropatholegy of total: oxygen 
‘tack (anoxia) in rhesus monkéy, in Cervos-Navaro 
ed} Pathology ‘o ehral Ma 








ae altered the nation of. Saye 


_ response. so’ that the hemispheres. . i 
` rather than the braiit stems showed - 


the. most -extensive ’ / injury: These - 
results make it evident that the 18'to.~ 


DA: hours of food deprivation that: we 
routinely. i impose on our animals prior’ o 
: to: study, (to ' prevent: vomiting and. 


aspiration during anesthesia): ‘greatly. 


extends the tolerances of their brains | . | 
to arrest’ of cireulation. cand dramati-: - 


“cally. alters the pattern of brain abnot-.- 


mality: produced.. A concluded: that 


dietary history. with respect to: carbé- Ps 


hydrate’ and. content of the gastroin- 


testinal tract at the ‘time of: arrest, 


‘both play.. a major rolei iñ defining the 


_ brain’s-vulnerability, to injury. during. | 


cardiac - “arrest ‘and ‘also’ ‘define: the’. 


_ distribution: of ‘resulting. patholégic io 


quale 


disorder i in: the. brain. Further. studies 


“are "in: progress , to ‘more. precisely. `. 


. define those’ variables that. crucially., ` 
‘determine the pathologic response of. ` 


the brain to respiratory and: ‘cireila- 


tory diseases: A ee ee ae 
oe ~ a se id 


Py, a: g vet 7 
er tos vo. : g t - 
- $ pant EAS SoN s 
t oo ? r aa f . oe at Gath, 5 Meg i ai 

* i att $ 


day arrest: J Neiropath Exp Neiwrol 35: 301, | 


“21 Gellermann. LW: ‘Chance pes alter 


$ 
ing Y ip : ‘dis iming inn eynperi. 


Gravis in Rats 


Modification by Thymectomy and Prednisolone 


Donald B. Sanders, MD; T. R. Johns, MD; Mohyee E. Eldefrawi, PhD; Edith E. Cobb 


è in rats immunized with purified ace- 
tylcholine receptor protein (AChRP) from 
Torpedo electroplax, a defect of neuro- 
muscular transmission physiologically 
identical to that seen in myasthenia gravis 
developed. The most sensitive index of 
the neuromuscular blockage was minia- 
ture end-plate potential (MEPP) ampli- 
tude. As early as 24 hours after inocula- 
tion with AChRP, the thymus showed 
reactive changes that are probably non- 
specific. Removal of the thymus before or 
within three days after Immunization 
delayed, but did not prevent, development 
of reduced MEPP amplitude. Predniso- 
lone given within 35 days after immuniza- 
tion produced reversal of MEPP reduction 
within 24 hours, but had no such imme- 
diate effect when given 15 days later. It is 
probable that prednisolone acted by re- 
ducing the immunologic. responsiveness 
of the animals during the developing 
phase of the defect of neuromuscular 
transmission. 

(Arch Neurol 34:75-79, 1977) 


hough an autoimmune etiology 
for myasthenia gravis was postu- 
lated by Simpson in 1960,' efforts to 
reproduce the characteristic defect in 


- neuromuscular transmission by im- 


munization with various muscle and 
thymic tissue preparations have been 
unsuccessful.?-* The identification and 
purification of acetylcholine receptor 
protein (AChRP) from the electric 
organs of eels and rays have provided 
an antigen capable of inducing a 
defect of neuromuscular transmission 
in animals that is similar in all charac- 
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teristics to that seen in myasthenia 
gravis: there is fluctuating muscle 
weakness made worse by effort and 
improved by cholinesterase inhibi- 
tors**; evoked-potential electromyog- 
raphy®*® and twitch tension record- 
ings® at low-frequency stimulation 
reveal a decremental pattern revers- 
ible by cholinesterase inhibitors; there. 
is a- reduction in miniature end- 
plate potential (MEP?) ampli- 
tude*'°"; and single-fibar electro- 
myography demonstrates increased 
“jitter” indicative of a defect of 
neuromuscular transmission.!! Be- 
cause of the striking similarity to 
myasthenia gravis, this immunologi- 
cally induced defect of neuromuscular 
transmission has been called experi- 
mental autoimmune myasthenia 
gravis (EAMG). 

Though there are differer.ces in the 
time course and severity of zhe neuro- 
muscular blockade among species, 
EAMG has been producec in rab- 
bits," rats,** guinea pigs, sheep 
(N. L. Norcross, PhD, M. E. Eldefrawi, 
PhD, unpublished data), gcats,* and 
monkeys’? inoculated with purified 
AChRP from the electric argans, of 
eels or rays. The role of the taymus in 
myasthenia gravis is recognized, if 
not well understood."* We have pre- 
viously demonstrated that thymec- 
tomy prior to immunization with 
AChRP alters the development of 
EAMG in rats.: Corticosteroid therapy 
results in significant improvement in 
the clinical severity of myasthenia 
gravis. ° The present study was 
undertaken to delineate further the 
role of the thymus and to determine 
the effects of corticosteroids on 
EAMG. 


MATERIALS AND METHODS 


Acetylcholine receptor protein from the 
electroplax of Torpedo californica or T 


Experimental Autoimmune Myasthenia 


ocellata was prepared as previously de- 


© geribed.*'? The solutions used contained 


from 30 to 110 pg of AChRP per milliliter, 
with a specific binding of 10 to 12 nmoles of 
acetylcholine or a-bungarotoxin per milli- 
gram of protein. Solutions containing 40 to 
50 ug of AChRP were emulsified with an 
equal volum= of Freund complete adjuvant 
(CFA) prior to inoculation. 

Young adult female Lewis strain rats 
weighing 15) to 200 gm received a single 
dose of AChRP-CFA subeutaneously in 
multiple sites along the back. 

Thymectomy and sham thymectomy 
were performed.® Prednisolone-treated an- 
imals received either a single intramus- 
cular injection of 60 mg/kg of prednisolone 
one day prior to being killed, or four daily 
injections of 60 mg/kg of prednisolone over 
a period of four days prior to being killed. 
At the time of killing, forelimb flexor 
digitorum muscles were removed and 
MEPP amplitudes were recorded in at least 
ten fibers per muscle.* Thymus glands 
were removed and prepared for histolog- 
ical examination using hematoxyline-eosin 
and Wilder stains. In animals having 
previously undergone thymectomy, the 
contents of the anterior mediastinal space 
were fixed and examined histologically for 
the presence of residual thymus tissue. 


RESULTS 
MEFP Amplitudes 


Twenty rats were killed from 6 to 
124 days after inoculation. Miniature 
end-plate potential amplitudes were 
reduced significantly below the nor- 
mal range in some animals as early as 


11 days after inoculation, and in most 


animals after 18 days after inocula- -> 
tion (Fig 1). 

In 35 rats, shymectomy was per- 
formed 3 to 11 days prior to inocula- 
tion. Residual thymus tissue was 
found in only one animal at killing. 
Miniature end-plate potential ampli- 
tudes were not reduced below the 
normal range until 85 days after 
inoculation in thymectomized ani- 


Myasthenia Gravis in Rats—Sanders etal 75 


Treatment Group 
Controls 


inoculated ` 
Group A 


Group B 
, inoculated 3-17. 


days after eee 
Group A. 


. Group B 


_. Thymectomy performed 
_1-3 days after inoculation 


14 days after inoculation 


Sham thymectomy performed 
11 days before inoculation 


13 days after inoculation 
Inoculated plus prednisolone 
(60 mg/kg once) 
Group A i 
Group B 
inoculated plus prednisolone. 
(60 mg/kg, four daily injections) 
Group A 
Group B 


- “Numbers in parentheses indicate range. 
+P.-< .01 compared to inoculated, group A. 


No. of Animals 


Days After Inoculation 
(Mean + SD)* 


28 +8 (18-41) 
92°+ 33 (41-124) - 


28 +5 (18-41) 
"68 + 16 (42-103) 


. 82. 2 (80-35) 
31 +2 (28-34) 


24 +2 (21-28). 
30 +3 (27-34) 


ws 


35 
50 


P < .01 compared to inoculated 3-11 days after | thymectomy, group ‘A. 


§P < .05 compared to inoculated, group A. 
jP < .1 compared to inoculated, group A. 


; ard 


{P < .02 compared to inoculated 3-11 days after thymectomy, group A. © 
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“Fig 1 _~Miniature end-plate paana (MEPP) amplitudes in rats after inoculation with 40 to 50 ug of ace- 
nae eae ‘protein. Horizontal line, and shaded arëa epieeem mean normal contra! values + 2 SD. 


mals, and maximum reduction was 


never:as, great as: that seen in the 
nonthymectomized animals (Fig 1). 
Grouped MEPP values from thymec- 
tomized animals killed from 18-to 41 


-days after inoculation did not differ: 


. significantly from noninoculated con- 
trol’ values, and were significantly 
greater than values obtained from 


inoculated, nonthymectomized ani- 
mals killed during the same interval 


after. inoculation. (Fig 2, Table 1). 
When the thymus was removed 
within ‘three days. following inocula- 
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xe 


~~" 


- ` tion, significant reduction of MEPP 


amplitudes did not occur within 85 
days; when the thynius. was removed 


14 days-after inoculation, there was - 


some subsequent. reduction of MEPP 


amplitude, though not as much as in 
nonthymectomized - ani- ` 


inoculated, 
mals (Fig 2, Table 1). Sham thymec- 


` tomy performed 11 days before or 13 


days after inoculation did not signif- . 


cantly’ alter. the development of 


reduced MEPP amplitudes (Table 1). 


In four inoculated animals receiving 
_ a single large dose of prednisolone (69 


mg/kg) and in four animals receiving 
four daily injections of the same . 
dosage of prednisolone prior to being _ 
killed 35‘days after.inoculation, MEPP 
_values were greater than those of the 
group of inoculated rats that did not 
receive prednisolone and were killed 


~ at equivalent times (Fig 3, Table 1). A 


However, - prednisolone treatment 
prior to killing at 50.days after inocu- ` 
lation did -not significantly alter- 
MEPP values from those seen in' 
inoculated nontreated animals (Fig 3, 
Table 1). . 
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Fig 3.—Effect of prednisolone on miniature end-plate potential (MEPP) amplitude and 


thymus weight. 
Thymus Histology 


In control animals, the thymus was 
easily identified and removed. The 
histological pattern on hematoxylin- 
eosin staining consisted of a well- 
defined cortex and a paler medullary 
area containing epithelioid and lym- 
phocytic cells, with scattered foci of 
pale epithelioid cells occasionally oc- 
curring within the cortical area. We 
termed this pattern “active” thymus 
tissue. 

Thymic tissue removed from ani- 
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mals after inoculation with AChRP 
revealed a generalized increase in the 
number of lymphoid cells within the 
cortex and medulla. These changes 
were seen in animals killed as early as 
24 hours and as late as 42 days follow- 
ing Inoculation. These histologic fea- 
tures were termed “lymphoid hyper- 
plasia.” 

In control animals, a single large 
dose of prednisolone was followed 24 
hours later by evidance of lymphoid 
cell lysis: fragmentation of nuclei and 
the presence of cellular detris. There 


was also a significant reduction in 
thymus weight (Fig 3, Table 2). That 
pattern was called “lymphoid lysis.” 
Four days of such prednisolone treat- 
ment caused lysis of all thymus 
lymphoid tissue so that no character- 
istic thymic tissue was detectable 
microscopically on the day following 
the last prednisolone dose (Fig 3, 


l Table 2). 


In inoculated animals treated with a 
single dose of prednisolone 24 hours 
prior to being killed, there was 
pyknosis of lymphocytes and frag- 
mentatior of nuclei as evidence of 
early lymphoid lysis. Also, the weight 
of the gland was decreased (Fig 3, 
Table 2). Inoculated animals receiving 
four daily doses of prednisolone prior 
to being killed at 35 and 50 days after 
inoculation showed marked lymphoid 
lysis of the thymus: the weight of the 


_ gland was reduced and the cortex 


disappeared, leaving only the medul- 
lary areas (Fig 3, Table 2). 


COMMENT 


Experimental autoimmune myas- 
thenia gravis presumably results from 
an autoimmune response to endoge- 
nous nicotinic AChRP that is stimu- 
lated by an immunologic cross-reac- 
tion to heterologous AChRP. Because 
this immune response is incited by 
inoculation of AChRP at a defined 
point in time, the time course may 
differ from that of an idiopathic 
autoimmune disease having an unde- 
fined or cor.tinuous inciting event. 

We have found that MEPP ampli- 
tudes provide the most sensitive mea- 
sure of the defect in neuromuscular 
transmission in rats having EAMG. 
Miniature end-plate potential ampli- 
tude was reduced in almost all rats 
inoculated with AChRP that survived 
more than 18 days, though most rats 
receiving a single inoculation did not 
have other evidence of neuromuscular 
blockade.: The difference between 
MEPP reduction and clinical weak- 
ness probably results from the high 
safety factor for transmission charac- 
teristic of the rat neuromuscular junc- 
tion.” | 

In most rabbits receiving a single 
injection of AChRP, fatal EAMG de- 
velops, though the reduction of 
MEPP amplitude is not greater than 
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Treatment Group 
Controls 


Inoculated 
Group A 


Group B 


Group C 
Prednisolone 
60 mg/kg once 
60 mg/kg, four daily injections 


Inoculated plus 
prednisolone, 60 mg/kg once 
Group A 
Group B 


inoculated pius prednisolone, 
60 mg/kg, four daily injections 
Group A 


Group B 


*Numbers in parentheses indicate range. 
+P = 0.5 compared to controls. 

{P = .05 compared to inoculated, group C. 
$P < .01 compared to inoculated, group B. 


No. of Animals 


Table 2.—Thymus Weight and Histology 


Days After Inoculation 
(Mean + SD)* 


62 o 

12 7+ 5 (1-12) 
3 28 + 8 (18-41) 

5 92 + 33 (41-124) 

4 ne 

4 

4 35 

4 50 

4 35 

4 50 


||P < .01 compared to controls and inoculated, group ©. 


that seen in rats (personal observa- 
tions). It is probable that the safety 
factor for neuromuscular transmis- 
sion is not as great in rabbits," though 
one cannot exclude species differences 
in the immunologic responsiveness or 
the degree of cross-reactivity to fish 
AChRP as playing a role in the more 
severe syndrome seen in rabbits as 
compared to rats. 

The thymus is necessary in the 
early postnatal period for the develop- 
ment of immunologic competence.'*"” 
Its role in the mature rat is not well 
defined. Removal of the thymus prior 
to inoculation with AChRP delayed 
and reduced the severity of the EAMG 
as defined by MEPP amplitude reduc- 
tion in rats. It also delayed the devel- 


opment and lowered the titers of 


complement-fixing antibodies to 
AChRP in rats, without affecting 
titers of precipitating antibodies to 
AChRP (D. B. Sanders, MD, N. L. 
Norcross, PhD, unpublished data). It 
is of considerable interest that titers 
of complement-fixing antibodies to 
AChRP correlate with the time course 
of MEPP reduction, since Nastuk et al 
in 19607 reported reduced serum 
complement levels that correlated 
with the clinical severity of myas- 
thenia gravis. 

Because EAMG does develop in rats 
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having no discernible thymus tissue 


remaining, it cannot be cependent on. 


a factor unique to the thymus. It is 


- probable that the thymus acts as an 


immunologic organ in the develop- 
ment of EAMG, and its role can be 
assumed by other tissue following 
thymectomy in the adult rat. 
Corticosteroids administered to 
adult rats produce marked involution 
of lymphatic tissue in general, and 
have a similar effect on the thymus.”! 
A single large dose of prednisolone 
produced a significant reduction in 
thymus weight, and four large daily 
doses caused complete disappearance 
of detectable thymic tissue (Fig 3, 
Table 2). The effect of this agent in 
preventing the development of EAMG 
at 35 days after inoculation may thus 
be secondary to its lympholytie activi- 
ty on the thymus and other immuno- 
logically active tissue. The same 
dosages of prednisolone given prior to 
killing 50 days after inoculation did 
not alter the EAMG. It is thus likely 
that prednisolone is effective in re- 
ducing the immunologic reaction fol- 
lowing inoculation, but does not 
rapidly reverse damag2 to the neuro- 
muscular junetion that has become 
well established. The doses of pred- 
nisolone used in rats are about 30 


' times as large on a weight basis as 


Thymus Weight, Histologic 
mg (Mean + SD) Pattern 
403 + 91 Active 
362 + 67 Lymphoid 
hyperplasia 
413 + 64 Lymphoid 
hyperplasia 
455 + 83 apes 
306 + 247 Lymphoid 
lysis 


No detectable 
thymus tissue 


300 + 8 Early lymphoid 
lysis 

341 + 60f Early lymphoid- 

: lysis 

267 + 28§ Marked lymphoid 
lysis 

248 + 20]| Marked lymphoid 


lysis 


those used in treating myasthenia 
gravis.’ 

There are more direct effects of 
prednisolone on neuromuscular trans- 
mission, Wilson et al have demon- 
strated an increased frequency of 
MEPP occurrence at rat neuromus- 
cular junction following exposure to 
prednisolone in vitro. Arts and Ooster- 
huis** have shown partial reversal of 
weakness resulting from d-tubocura- 
rine or hemicholinium-3 (HC-3) in 
mice receiving prednisolone in vivo, 
and Wolters and Leeuwin“ have 
shown that corticosteroids can partial- 
ly reverse the reduction in twitch 
tension produced by HC-3 in rat 
diaphragm. Prednisolone had no ef- 
fect on MEPP amplitude in our rats 
killed 50 days after'inoculation, so it is 
unlikely thet the effects seen at other 
times following prednisolone were due 
to direct effects. 

The histalogic changes that we have 
observed ir the rat thymus following 
inoculation with AChRP are nonspe- | 
cific and have’ only a superficial 
resemblance to those seen in the 
thymus of patients with myasthenia 
gravis." Lack of similarity may be 
due to species differences. It is likely 
that EAMG develops as a biphasic 
process in rats, with an initial phase 
characterized by development of anti- 
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‘bodies and cellular immunity against 


the in situ AChRP at the neuromus- 
cular junction and gradual reduction 
of MEPP amplitude. That phase 
would last at least 35 days in rats 
treated as we have done. Reduction of 
immunologic responsiveness during 
that phase, eg, by administration of 
corticosteroids, allows rapid clearing 
of the physiologic defect. The second 
phase is characterized by a more long- 
lasting neuromuscular blockade, possi- 
bly due to morphologic changes at the 
end-plate, that are not reversed by 
short courses of corticosteroids. 
Acute and severe. changes in end- 
plate morphology have been reported 
by Engel et al?’?* in, rats inoculated 
with eel AChRP, utilizing a pertussus 
adjuvant. Following. the acute stage, 
end-plate ultrastructure in those ani- 
mals resembled that of patients with 
myasthenia gravis. The ‘course of the 
physiologic defect in those animals 
was more acute and severe” than that 
of our animals inoculated with 
AChRP-CFA, and the difference 
probably results from the varving 
intensity of immunologic response 
incited by the different adjuvants. 
What are the similarities between 
EAMG and the purported defect in 


‘neuromuscular transmission induced 


in animals immunized with thymus or 
skeletal muscle tissue? Goldstein et 
al*®-° induced thymitis in guinea pigs 
by inoculation of homologous muacle 
or thymus tissue and demonstrated 


. b =. 
aí ela a = VT CK Gf) aa 2 


vides an essential element in proving 
that myasthenia gravis itself is, at 
least In some cases, an imraunologic 
disease. Other evidence for that hy- 


` pothesis has been provided recently by 
. the demonstration of responsiveness 
of myasthenia gravis to zorticosteroid 


therapy, + the presence of a cellular 
immune response to AChRP in myas- 


thenia gravis.**** and flictuations in . 


that cellular immune respanse that 
correlate with the clinicel response to 
corticosteroids.** One should consider 
the possibility that ther2 ar2 several 
types of myasthenia gravis, having 
different etiologies, sharing only the 
final expression of a def2ct m neuro- 
muscular transmission. Though there 
are many similarities between EAMG 
and myasthenia gravis, we must 
continue to determine wiat elements 
the two conditions have in eommon, 
and not attempt to draw moze paral- 
lels than the data can justify 
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Acetazolamide- Induced Interference — 
With Primidone Absorption 


| Case Reports and Metabolic Studies 


Gaby B. Syversen; John P. Morgan, MD; Michael Weintraub, MD; Gary J. Myers, MD 


è Effects of acetazolamide on primi- 
done plasma levels were studied in three 
patients. Apparent interaction occurred in 
two patients. Primidone was not detected 
-in the plasma when given orally with 
acetazolamide in one patient. In another, 
peak serum concentration was delayed, 
with corresponding delays in urinary 
. excretion of primidone and metabolites. 
Piasma and urine concentrations. of the 
- two metabolites, phenylethyimalonamide 
and phenobarbital, were also studied. 

(Arch Neurol 34:80-84, 1977) 


hospitalized patient receiving 


primidone orally had none of 
this antiepileptic in her blood when 
` concurrently taking acetazolamide 
orally. Since drug interactions, be- 
_tween primidone and acetazolamide 
have not been ineluded in review arti- 
cles, we further studied this patient. 
Two other patients receiving identical 
drug treatment, but with some detect- 
able plasma primidone, were included 
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to see if similar patterns could be 
detected. . 

The present’study reports levels of 
primidone and its two metabolites, 
phenylethylmalonamide and pheno- 
barbital, in plasma and urine at inter- 
vals after ingestion of either primi- 


‘done alone or primidone and acetazol- 
‘amide together. 


REPORT OF CASES 


Case 1.—-This 15-year-cld girl began 
having one- to two-minute episodes of 
unresponsiveness with automatic repeti- 


_ tive movements of the upper extremities at 
age 10. She could not recall any aspects of 


the lapses. There were no major motor 
seizures. Electroencephalography revealed 
midtemporal abnormalities. Therapy with 
phenobarbital (64 mg/day) controlled the 
episodes. At age 12, she was given pheny- 
toin (200 mg/day) because the spells re- 


curred. Control was again effective until ` 


November 1971. Following menarche, the 
lapses recurred frequently and were most 
notable during menses. Initially, acetazol- 
amide (250 mg/day for ten days prior to 
and for the duration of menstruation), 
phenytoin, and phenobarbital were tried. 
Primidone was substituted for phenobar- 
bital in March 1978. This regimen seemed 


effective, but control soon deteriorated, 


and repeated outpatient measurement of 
plasma anticonvulsant ‘evels failed. to 
detect any primidone or phenobarbital. 


The patient and her parents were adamant 
that the regimen was carefully followed. 
Phenytoin was present in plasma in the low 
therapeutic range. She was hospitalized in 
September 1973 and given a regimen of 
phenytoin (800 mg/day), primidone (2 gm/ 
day), and acetazolamide (250 mg/day). 
Despite careful monitoring of compliance, 
her plasma primidone measured zero, and 
she experienced frequent seizures. Pheny- 
toin levels varied from 6 pg to 20 pg/ml. 
Case 2.—This 22-year-old woman has a 
mixed seizure disorder with aspects of 
grand mal and petit mal epilepsy. She had 
been refractory to several drug regimens, 
but was stabilized with phenytoin (1 gm/ 
day), primidone, (500 mg/day), phenobar- 
bital (120 mg/day), and acetazolamide (500 
mg/day). Several measurements of serum 
anticonvulsar:t concentrations on the four- 
drug regimen showed very low primidone 
levels (trace, less than 3 pg/ml) and high 
phenytoin levels (16 pg and 32 pg/ml). 


‘Compliance was thought to be good. 


Case 3.—This patient was first seen at 15 
years of age for evaluation of a psycho- 
motor disorder. She had a febrile seizure at 
1 year of age, but was then well until age 9 
when she had a “blackout,” with inconti- ` 
nence of urine. Phenytoin treatment was 
begun. She did well for one year, when 
episodes’ of “feeling . peculiar” and an 
inability to-speak clearly occurred. Pheno- 
barbital was added, with minimal benefit. : 
At 14% years, all medication was discon- 
tinued after a normal EEG. The spells 
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Fig 1.—Typical gas chromatogram. Con- 


stant temperature (175 C) for first eight 


minutes, then programming 24 C/min unti! 
220 C was reached anc then maintained 
for four minutes. PEMA, phenylethylma- 
lonamide. | 


returned and increased tc one a week by 15 
years of age. A repeat EEG showed a left 
frontal focal spike slow-wave discharge. 
Primidone provided fait seizure control. 
The spells consisted of a visceral sensation 
ascending to the throat, followed by a loss 
of awareness and irrational speech. She 
was considered emotiona ly labile and not 
believed to comply well with medication 
directions. By age 16, the spells were a 
daily occurrence, but this coincided with a 
period of emotional turmoil. An EEG 
showed a left temporopgrietal spike dis- 
charge. She was given acetazolamide (Dia- 
mox) 750 mg/day, withou: clinical benefit. 
Phenytoin (300 mg/day) was added, and 


primidone dosage was maintained at 750 _ 


mg/day. She is currently adequately con- 
trolled on this regimen. 


METHODS 
Study Design 
Each patient participated in two studies, 


with a time interval of 2 to 17 days 
between drug administration. Prior to each 


' experiment, subjects fasted overnight and 
throughout the experimental day. Five 


hundred milligrams of primidone (two 
tablets) were given alone in the morning, 
or a 250-mg acetazolamide tablet was given 
twice, 12 hours. before and again with the 
500-mg primidone test dose. 

To detect possible effects due to the 
order of drug administration, two subjects 
began with primidone alone, and the 
combination of acetazolamide and primi- 
done followed; the order was reversed in 
the other subject. 

The blood samples were taken through a 
heparinized indwelling scalp vein needle. 
Samples were drawn at the time of primi- 
done ingestion, at 10 and 15 minutes, every 
15 minutes for four hours, and at five and 
six hours after taking the drug(s). 

Urine samples were collected just prior 


Fig 2.—Primidone in plasma and urine of patient 1 (left}, 2 (center), and 3 (right). Solid 
line represents ingestion of primidone only, while dotted line represents results seen 
after combined ingestion >f both primidone and acetazolamide. 


TIME IN HOURS 
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Fig 3.—Phenylethylmalonamide (PEMA) in plasma and urine of patients 1 (left), 2 (center), and 3 (right). Solid line represents 
ingestion of primidone only, while dotted line represents data obtained after combined ingestion of both primidone and 


acetazolamide. l = 
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Inclusive Urinary Drug Excretion Seven Hours After Primidone Dose 










“a Phenyiethyi- - 
Primidone, _ malonamide, Phenobarbital 
mg (%*) mg (%*) mg (%*) Total, mg 
Patient 1 
Without 
acetazolamide 56.9 (81) 13.3 (19) 70.2 . 














With 
acetazolamide 
Patient 2- 
Without 
acetazolamide 
With 
acetazolamide 
Patient 3 
Without 
acetazolamide 
With Í 
. acetazolamide 





3.3 (100) 










97.3 (75.7) 18.9 (14.7) 





12.3 (9.6) 













98.7 (80.8) 13.4 (11.0) 10.0 (8.2) 
















42.7 (58.5) 





24.4 (33.4) 










42.2 (53.8) 27.6 (35.2) 8.6 (11.0) 





“Parenthetical percentages reflect the proportion of that entity of the three drug total urinary 
excretion. — l 
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to ingestion. Attempts were made to have 
the patient urinate every half hour for the 
first three hours, then every second hour 
until seven hours after ingestion. | 

Blood samples were centrifuged; plasma 
was collected and stored frozen until 
analyzed. Urine samples were centrifuged 
if necessary, vclume and pH measured, and 
an aliquot stored frozen until analyzed. 


Analytical Procedure 


A 180mm, 2mm internal diameter, 
silanized glass column packed with 3.8% 
silicone rubber “Se on a silane-treated 
support 80/10) mesh was used in a gas- 
liquid chromatograph equipped with a 


flame ionization detector. Gas flow rates 


were N., 40 ml/min; O., 500 ml/min; and 
EH., 35 ml/min. Injector and detector 
temperatures were 250 C. Temperature 
programming started at 175 C for eight 
minutes, then increasing 24 C/min until 
220 C was achieved and then maintained 
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- for four minutes. Standards ineluded phen- 
allymal (5-allyl-5-phenylbarbituric acid 
{ Alphenal]). ; 

A 1-ml sample of plasma or 1-ml dilution 
of a 50- or 100-yl sample of urine was 
transferred into a 18-ml glass-stoppered 
test tube. Fifty microliters of phenallymal- 
ethanol solution (200 ug/ml), 100 ul of con- 
centrated HCl, and 10 ml of chleroform 
were added. The samples were shaken 
vigorously for one minute and then centri- 
fuged. The upper (protein-containing) 
layer was carefully aspirated from the 
chloroform layer and discarded. The clear 
chloroform layer was transferrec to a 
similar test tube and evaporated to dryness 
under a stream of nitrogen. The sides of 
the tube were washed down with chloro- 
form and again evaporated to dryness. The 
residue was dissolved in 50 yl of chloro- 
form, and 4 ul was injected into the gas 
chromatograph. 


Patient samples and standards were ' 


analyzed in duplicate. With each series of 
samples analyzed, a set of standards were 
carried through the entire procedure. Peak 
heights of the drugs were divided by peak 
height of the internal standard, and the 


standard curves were generated by plot- 


ting peak ratio against the drug concentra- 
tion. The standards contained 2.8 ug, 4.0 ug, 

10.0 ug and 15.0 pg/ml of primidone, pheno- 
’ barbital, and phenylethylmalonamide in 
plasma or urine. The amount of internal 
standard phenallymal added to each sam- 
ple was 10.0 ug. Figure 1 illustrates a 
typical chromatogram obtained using 
these methods. 

Extraction recovery was measured by 
comparing plasma standards with stan- 
dards in chloroform. The mean recovery for 
20 estimations was 95% + 8% for primi- 
done, 107% + 2% for phenobarbital, and 
78% + 3% for phenylethylmalonamide. Re- 
producibility, calculated as percent of 
deviation between parallels for all samples, 
was 6% for primidone, 4% for phenobarbi- 
tal, and 5% for phenylethylmalonamide. 


RESULTS 


Figure 2 depicts the serum and 
urine levels of primidone after admin- 
istration of that drug alone. The 
serum and urine levels in patient 1 are 
appropriate. However, when she re- 
ceived acetazolamide in combination 
with primidone, only trace amounts of 
primidone were present in plasma and 
urine. Patient 2 showed a slight delay 
in peak primidone concentration and a 
similar delay in urinary peak con- 
_ centrations in the primidone-acetazol- 
amide experiment. Patient 3 did not 
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Fig 4.—Phenobarbital in plésma and urine of patients 2 (left), and 3 (right). Solid line 


_ represents ingestion of primidone only, while dotted line represents results seen with 


combined intake of both primidone and acetazolamide. 


show any acetazolamide-dependent 
changes of primidone. . 

Figure 3 depicts pheny .ethylmalon- 
amide concentrations in plasma and 
urine. Phenylethylmaloramide ap- 
pears in the plasma of patier.t 1 two 
hours after ingestion of primidone. 
Following the combinaticn of primi- 
done and acetazolamide, no measure- 
able concentration of phenylechylma- 
lonamide appears in plasma cr urine 
within the seven-hour samplirg peri- 
od. Patients 2 and 3 show no signifi- 
cant decrease in phenylethy-malon- 
amide values in plasma related to 
acetazolamide ingestion, but phenyl- 
ethylmalonamide urinary excretion in 
patient 2 appears delayed. Figure 4 
depicts the phenobarbital concentra- 
tions in plasma and urine. There was 
never a measureable amovnt cf phe- 
nobarbital in the plasma cr urine of 
patient 1. The rate of phenobarbital 
urinary excretion in patient 2° may 
have been decreased and the duration 


of excretion prolonged by acetazol- 
amide. Urinary pH predictably in- 
creased with acetazolamide excretion. 

The Table provides a summary of 
urinary excretion data of primidone 
and its metabolites, phenylethylma- 
lonamide and phenobarbital, while 
Fig 4 compares plasma and urine 
phenobarbital in the two patients who 
absorbed primidone when adminis- 
tered with acetazolamide. 


COMMENT 


In one subject, there was a consid- 
erable interaction between acetazol- 
amide and primidone. Both primidone 
and its metabolites were nearly unde- 
tectable in plasma and urine after 
administration of both drugs. There 
are several possible explanations for 
this finding. Acetazolamide could in- 
crease prim:done metabolism, but, if 
so, higher concentrations of the meta- 
bolites should have been detected. In 
patient 1, urinary excretion of primi- 
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done when given with acetazolamide 
was 5% of that seen with primidone 
alone and no metabolites were de- 
tected. These data suggest that in this 
patient there is impaired absorption 
of primidone when given with acet- 
azolamide. Primidone absorption in 
patient 2 may also have been aifected 
by acetazolamide, although to a lesser 
degree. The primidone peak con- 
centrations in plasma were lower, and 
urinary excretion of primidone, phe- 
nobarbital, and phenylethylmalonam- 
ide were possibly delayed during her 
acetazolamide experiment. None of 
these changes alone were dramatic, 
but in combination they suggest a 
delay in primidone absorption. Pa- 
tient. 8 showed a higher peak con- 
centration in the primidone alone 
experiment than with acetazolamide, 
but there were no other differences in 
urinary excretion of drug or metabo- 
lites. Differences in appearance of 
peak values may represent effects not 
related to acetazolamide. Baumel et 
al? found peak plasma levels at 0.5 and 
4.8 hours after primidone ingestion in 
two persons not exposed to primidone 
before and at 0.5 hours for two 
patients who had been receiving ther- 
apeutic dosages of primidone for 
several years. The intraperson varia- 
tion of these parameters has not been 
elucidated. 
’ The urinary excretion of primidone 
and phenylethylmalonamide in hu- 
mans has not been reported in detail.’ 
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In the urine of patient 1, both primi- 
done and phenylethylmalonamide ap- 
peared before they were detectable in 
plasma. This- probably reflects rapid 
clearance and perhaps renal con- 
centration of drug and metabolite. 
Patient 2 excreted twice as much 
primidone in the urine as patient 8, 
although both had similar plasma 
concentrations. 

The plasma phenobarbital levels of 
patients 2 and 3 were very similar. 
However, patient 2 takes phenobar- 
bital as well as primidone for seizure 
control. This may explain why she 
excreted about 50% more phenobar- 
bital than patient 8. The plasma 


values of phenobarbital measured - 


here approximate those reported by 
Fincham et al? in subjects taking 
primidone and phenytoin in combina- 
tion. 


Our patients also show considerable — 


differences in both plasma and uri- 
nary excretion values of phenylethyl- 
malonamide. The plasma phenylethyl- 
malonamide concentration of patient 
3 was more than three times greater 
than that of patient 2. Her urinary 
excretion was also 60% higher. Either 
an increase in the metabolism of prim- 
idone to phenylethylmalonamide or a 
decrease in the excretion rate of 
phenylethylmalonamide could explain 
this discrepancy. The serum phenyl- 
ethylmalonamide values (12 pg and 
10 ug/ml} reported by Baumel et al? 
were higher than those found in our 


patients, but both subjects in that 
study had been exposed to primidone 
for the first time. 

This undesirable 
tween primidore and acetazolamide 
appears to be Jimited to susceptible 
individuals. Its incidence is unknown. 
If clinical seizure control is impaired 
when acetazolamide is given with 
primidone, the blood and urine con- 
centrations of primidone should be 
monitored and appropriate changes 
made. 


MaryAnn Zaremba provided technical assis- . 


tance, and Louis Lasagna gave advice and 
support for this investigation. 

Ayerst Laboratories, New York, supplied the 
phenobarbital and primidone used in this study, 
Dr [. Baumel, PhD, supplied the phenylethylma- 
lonamide. 


Nonproprietary Names and 
Trademarks of Drugs 


Acetazolamide—Diamox, Hydrazol. 
Primidone—Mysoline. 
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interaction be- | 
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Electrical Activity 


Jun Kimura, MD 


è The collision technique was used to 


- determine the relationship between the 


electrical potential and the force pro- 
duced by a voluntarily contracting first 
dorsal interosseus muscle. The method 
allows, in effect, synchronization of nerve 
impulses of asynchronously firing moto- 
neurons subserving voluntary contrac- 
tion. A compound muscle action poten- 
tial, M (voluntary), thus recorded as an 
electrical corollary of muscle contraction, 
related linearly to the force of contraction 
under isometric conditions. Using M(vo- 
juntary), an approximate percentage of 
motoneuron pool discharging during a 10- 
msec period was calculated at various 
levels of voluntary effort. In ten healthy 
subjects, it increased linearly with muscle 
force from 2.4% + 1.4% at 0.5 kg to 
23.5% + 9.6% at 4.5 kg. 
(Arch Neurol 34:85-88, 1977) 


he relationship between electrical 
and mechanical events in con- 
tracting muscle has been the subject 
of much investigation.: In most such 
studies, integration of full wave recti- 
fied electromyography has been em- 
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pirically used to measure the electrical 
activity resulting from asynchronous 
firing of many motor units. To 
provide more direct correlation be- 
tween the electrical potential and the 
muscle force, a simple technique has 
been devised that, in effect, converts 
asynchronous nerve impulses into a 
synchronous volley. The muscle action 
potential elicited by this means is a 
true electrical corollary of voluntary 
muscle contraction. | 


METHOD 


The subject was seated with the hand 
placed palm down near the edge of the 
examining table, on which a rigid force 
transducer was mounted in such a way that 
the lug was against the radial aspect of the 
proximal phalanx of the index finzer near 
the metacarpophalangeal joint. To abduct 
the finger effectively, the thumb was 
adducted against the edge of the table, 
thus fixating the origin of the first dorsal 
interosseus muscle. A metal bar located 
between the index and’ middle fingers 
prevented a shift of the hand toward the 
force transducer despite the contraction of 
the adductor pollicis. The tension produced 
was displayed on an oscilloscope that 
allowed the subject to adjust and meintain 
a steady voluntary muscle force at a given 
level. 

The maximal force recorded in most 
subjects was 2.5 to 3.0 kg if the middle 
phalanx was placed against the lug of the 

8 Pressing the lug wich the 





in Voluntarily Contracting Muscle 


proximal phalanx, as was done in this 
study, most subjects were able to maintain 
the muscle force up to 5.0 to 6.0 kg, presum- 
ably because of increased mechanical 
advantage. At higher levels of effort, 
however, it was often difficult to selec- 
tively abduct tne index finger and, there- 
fore, contribution to the total force by 
other intrinsic hand muscles was probable. 


In this study, therefore, subjects capable of 


producing a maximal tension of 6.0 kg or 
greater were selected and muscle tension 
tested was restricted to from 0.5 to 4.5 kg, 
in increments of 0.5 kg. 

Recording electrodes were placed over 
the first dorsal interosseus muscle and the 
first metacarpal bone. Two sets of stimu- 
lating electrodes were placed over the 
ulnar nerve, one set at the wrist and the 
other at the axilla. Independent stimuli 
were applied at the two stimulating sites 
using a stimulator coupled with a trans- 
former. Both shoc«s were of 0.1 msec dura- 
tion and of supramaximal intensity. A ` 
shock of this intensity, if delivered alone 
either at the wrist or at the axilla, elicited a 
nearly identical compound muscle action 
potential, M(wrist) or M(axilla), since all 
the motor axons were presumably excited 
in either case (Fig 1). When shocks at the 
wrist and axilla were applied simulta- 
neously with the subject at rest, M(wrist) 
but not M(axilla) was elicited, because the 
orthodromic impulse from the axilla was 
extinguished by ccllision with the anti- 
dromic impulse from the wrist.“ However, 


. M(axilla) was not completely blocked when 


the same paired shocks were delivered 


1 
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` 


while the muscle was voluntarily con- 
tracted because in some axons the anti- 
dromic impulse from the wrist first 
collided with the voluntary impulse and, 
therefore, did not collide with the impulse 
evoked by the axillary stimulation (Fig 1). 
The fraction of M(axilla) thus recorded was 
termed M(voluntary). 


M(Voluntary) and Calculations 
of the Percentage 
of Discharging Motoneurons 


Assuming that each motor unit con- 

tributed an equal amount of electrical 
potential, the size of M(voluntary) was 
proportional to the number of axons 
subserving the voluntary contraction at the 
time of stimulation. More precisely, it was 
proportional to the number of axons 
earrying the voluntary impulse in the 
nerve segment between the stimulus sites 
at the axilla and wrist when the stimuli 
were delivered (Fig 1). Since the motoneu- 
rons of these axons must be discharged 
during a time period determined by 
latency difference between M(wrist) and 
M{axilla), M(voluntary) was also a measure 
of the number of motor units discharging 
during the aforementioned time interval. 
Thus, allowing 1 msec” for the refractory 
period of motor fibers, the following equa- 
tion was derived: M(voluntary oc number) 
of motoneurons discharging during a time 
period T, where T = latency of M(axilla) — 
_ latency of M(wrist)— 1 msec. 
For accurate measurements, it was often 
| desirable to increase the size of M(volun- 
tary) for a given level of voluntary contrac- 
tion. This was achieved by delaying the 
axillary shock for a few milliseconds (D), so 
that additional axons were cleared by the 
voluntary impulse before the axillary shock 
was delivered. The time interval, T + D, 
varied individually from 10 to 15 msec. In 
order to pool the data from different 
subjects, therefore, the size of M(volun- 
tary) was then adjusted to correspond to an 
arbitrarily chosen time interval of 10 msec. 
This was calculated in each subject by the 
ratio, M(voluntary) adjusted/M(voluntary) 
measured = 10/(T + D). The size of M(vol- 
untary) adjusted now represented the 
number of motoneurons discharging dur- 
ing a 10-msec period, whereas the size of 
M(axilla) stimulated alone represented the 
total number of motoneurons available in 
the nerve. The percentage of motoneurons 
discharging voluntary impulses during a 
10-msee period was thus calculated by 
M(voluntary) adjusted/M (axilla). 


RESULTS 


Of 14 healthy subjects tested; four 
were excluded from the study because 
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Fig 1.—Collision techniques, right ulnar nerve. M-response from the first dorsal interos- 
seus muscle and muscle tension (straight line). With stimulation at wrist and axilla, 
oerthodromic impulse from axilla was extinguished by collision. When same shocks were 
delivered with voluntary effort to maintain 5.0 kg (bottom tracing), M(V) appeared in 
proportion to number of axons in which voluntary impulse first collided with antidromic 


impulse from wrist. 


they were unable to adequately ccn- 
trol muscle tension to maintain the 
force up to a maximum of 6.0 kg. The 
remaining ten subjects consisted of 
two women and eight men, 22 to 31 
years of age (average age, 25). Be- 
cause of considerable variation from 
one trial to the next, at least ten 
responses were recorded, and the 
average size of M(voluntary) was 
determined at each level of muscle 
force in each subject. 


To maintain the muscle tension of 


0.5 kg, M(voluntary) was 0.6 + 0.6 mV 
(mean + SD in ten subjects) in ampli- 
tude. It then increased approximately 
linearly (Fig 2) for each change of 0.5 
kg in voluntary force to 1.1 + 08, 
18 218) 24.612, 2.57 ELO a4 2 
1.6, 3.8 + 1.5, and 4.5 + 2.4, reaching 


5.5 + 2.5 mV at 4.5 kg. In the same 
subjects, the average size of total 


motor units was 183+ 83 mV as 


measured by the amplitude of M(axil- 
la). Change in latency of M(vol- 


_untary) was small, if any, and not 


easily detectable when measured from 
the photos of the tracing. 

The percentage of motoneuron poo! 
discharging during a 10-msec period 
also increased approximately linearly 
with voluntary force. Although there 
was considerable variation among 
individuals, perhaps reflecting differ- 
ent sizes of muscle, it was 2.4% + 1.4% 
(mean + SD) to maintain the muscle 
tension of 0.5 kg. Thereafter, each 
change cf 0:5 kg in voluntary tension 
increased it to 5.8 + 2.5, 8.0 + 3.2, 
11.2 + 3.1, 12.8 + 3.6, 15.4 + 6.0, 16.8 


Electrical Activity—Kimura 





1 fo) 
M(W) M(W) 


| 2.5 mv 


5 msec 


Fig 2.—Correlation between muscle force and electrical activity, right ulnar nerve. Stimulation (open 
arrow) and recording as for bottom tracing in Fig 1 on same subject. Muscle tension ranged from 0 to 6.0 
kg (straight line). In last tracing, paired stimuli (closed arrow) were delivered at wrist ta allow second 
M(W) to appear with same time-delay as M(V). First and second M(W) were nay identical, indicating that 
alteration in neuromuscular SACHADIIRY was negligible: 


+ 6.4, and 20.5 + 7.7, reaching 28.5% 

+ 9.6% at 4.5 kg (Fig 3). With greater 
effort to contract the muscle, a value 
of up to 40% to 50% was obtained. 
Even higher values, at times ap- 
proaching 100%, were observed dur- 
ing phasic contraction of the muscle, 
but electrical measurements of phasic 
movements were not systematically 
assessed in this study. 


4 


COMMENT 


Many studies have been carried out 
to determine the relationship between 
the electrical potential and the force 
produced by voluntarily contracting 
human muscle. To obtain average 
electrical potential for this purpose it 


Is customary to integrate full wave 


rectified electromyography over a 


- fixed time interval.'s The integration 


of a wave form derived from various 
motor units firing asynchronously, 
however, may not yield a true summa- 
tion of all the muscle potentials 
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` Percentage of Motoneuron Foo! 
Discharging During a /Omsec. Period 


_ Fig 3.~Correlation between muscle force and motonetron discharge, mean + SD. 


Percentage of motoneuron pol discharging voluntary impulses during 10-msec period. 
First dorsal interosseus muscle was tested at various levels of muscle contraction in ten 
healthy subjects. Although there was considerable variation among individuals, 
percentage increased approximately linearly with force ranging from 0.5 to 4.5 kg. 
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+ charge out of phase from each other, 


tials. The ‘collision technique’ cireum- 


-vents this pitfall because it allows, in , 


- + ° effect, synchronization of nerve im- 


- 


-voluntary contraction. Further, M(vol- 


` untary) thus obtained as an électrical 


> 


a -corollary ‘of voluntary contraction, is 


directly comparable to` “M(axilla), 
‘which is: proportional to: “the total’ 
“population of the - available ‘motor 


v units, l a | 


y 


a “heat two Trobe’ units may dis- 


_ thus cancelling their respective poten- . 


2 ‘pulses of various axons _subserving: ` 


'. Under dme condition, uei: 
tary) related approximately linearly.. 


4 


` to the force of contraction within the 
” limited. range. ‘tested. in. ‘this | study. 


. Consequently, the percentage of mor. 
-toneuron pool, discharging. during a: 


 10-msec period increased linearly with 


increasing muscle tension. The maxi-- 


mum steady force could not be tested 


2 accurately i in our experimental design. . 
_, because of possible contribution to the ; 
total foreé.by other muséles at high 
levels ‘of effort. On the basis of our. 


' data, however; it appears, ‘that maxi- 


J: mum steady force is associated with ` 


+. activity in about 30% to’ 40% of. the 
» °° motor units during a 10-msec period.” 


=! Our preliminary observation in- a few: 


“ie ' subjects also suggests that an even. 


p REN percentage of the: motoneuron | 3 
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< Oculopharyngodistal Myopathy 


Report of Four Families 


Eijiro Satoyoshi, MD, Masao Kinoshita, MD 


è An autosomal dominant, heredofam- 
ilial myopathy consisted of slowly pro- 
gressive ptosis and extraocular palsy, and 
weakness of the masseter, facial, and 
bulbar muscles, as well as distal involve- 
ment of the limbs starting around 40 years 
of age or later. No other neurological 
symptoms or disturbances of other 
organs or tissues were observed. In one 
case, autopsy disclosed no remarkable 
change in the central and peripheral 
nervous system, and muscle biopsy spec- 
imens from all patients showed myopathic 
patterns without any specific change. A 
descriptive term, “oculopharyngodistal 
myopathy,” was proposed to separate the 
present illness from other ocular myopa- 
thies. 

(Arch Neurol 34:89-92, 1977) 


here are a certain number of 

disorders of which the predomi- 
nant clinical feature is the distur- 
bance of extraocular muscles. These 
include ocular myopathy,' descending 
ocular myopathy,’ oculopharyngeal 
muscular dystrophy,’ and Kearns-Shy 
syndrome (oculocraniosomatic neuro- 
muscular disease with ragged red 
fibers).** On the other hand, another 
relatively rare form of muscular 
dystrophy has also been reported in 
which distal groups of limb muscles 
are selectively involved.° Here we 
present a combination of these two 
features in a heredofamilial muscle 
disease affecting 17 members of four 
Japanese pedigrees. The disease is 
characterized by ptosis, extraocular, 
bulbar, and facial palsy, and weakness 
and wasting of distal muscles. The 
distribution of muscular symptoms 
itself resembled that of myotonic 
dystrophy and Kearns-Shy syndrome, 
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but other features characteristic of 
those two disorders are absolutely 
absent in the present illness. 


REPORT OF CASES 


Case 1.—This 52-year-old man’s family 
history is shown in Fig 1. At age 40, he first 
noticed ptosis and diplopia. At age 43 he 
felt his left grip become weak, and soon 
afterwards dysphagia and dysarthria ap- 
peared. At age 47, he became unable to 
walk because of drop foot. These symptoms 
gradually progressed and at age 52 he was 
admitted to our hospital. On admission, the 
patient was found to have ptosis, almost 
complete extraocular palsy, dysphagia and 
dysphonia in moderate degree, facial and 
masseter weakness and atrophy, atrophy 
of the tongue, weakness of the neck 
muscles, and severe weakness and atrophy 
of forearms, hand, fingers, legs, and feet. 
Grip strength and dorsiflexion of the feet 
were most severely disturbed. On the other 
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a Affected female 


hand, weakness of the deltoid and other 
shoulder girdle muscles was mild, and the 
pelvic girdle muscles were also well 
preserved. No dementia, ataxia, pyramidal 
tract signs, or sensory loss was detected. 
No fasciculation or myotonia was seen. 
Edrophonium chloride (Tensilon) test was 
negative. Cataract or retinitis pigmentosa 
was not recognized, although bilateral 
optic atrophy was observed. Routine labo- 
ratory examinations gave normal findings, 
including CSF protein and serum creatine 
phosphokinase (CPK) levels and endocrine 
function tests. The EEG and ECG were 
normal. An electromyogram showed a 
myopathic pattern without myotonia. 

His symptoms were slowly progressive, 
but the strength of proximal muscles were 
fairly good until the later stage. At age 58, 
he died of perforation of duodenal ulcer, 
and an autopsy was performed. 

Case 2.—This 7l-year-old man’s family 
history is shown in Fig 2. At age 66, he felt 
his grips become weak and had difficulty 


6 Affected male 
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Fig 2.—Family pedigree of patient 2. 


Fig 3.—Family pedigree of patient 3. 















Case/Age/Sex 














1/52/M 2/71/M 3/75/F 4/63/F 5/60/M_ 6/52/M 


65 53 40 45 47 









Age at onset 


Initial symptom Ptosis Finger Ptosis Ptosis Ptosis Ptosis 
weakness 

Muscular involvement* 
Ptosis + + + + + + + "+ At Fot 
Extraocular ++ + + ++ ++ + + ++ 
Masseter ++ ++ ++ + + 
Facial ++ + + + + + + + + + 
Bulbar + + ++ + ++ + 
Proximal — — + = ae E 
Distal EF ++ +574 + + ++ + 

Other neurological Optic — Optic — — — 
signs atrophy atrophy 





*—jndicates none, +, mild to moderate; + +, severe. 


in using chopsticks. Drooping of the eyelids 
followed, and he noticed diplopia. At age 
69, he had hoarseness and difficulty in 
swallowing. His symptoms gradually be- 
came worse, and at the time of the admis- 
sion at age 71, he was found to have ptosis, 
extraocular palsy, nasal voice, dysphagia, 
facial weakness, especially in the orbicu- 
laris oculi muscles, and distal weakness of 
the limbs. Again, no cataract, retinitis 
pigmentosa, myotonia, dementia, or other 
neurological signs was recognized. The 
EEG and ECG were normal. Results of 
laboratory examinations were normal ex- 
cept that the serum CPK level was only 
slightly elevated. An EMG was myopath- 
ic. 

Case 3.—This 75-year-old woman’s fami- 
ly history is shown in Fig 3. She had been 
healthy until age 53, when she noticed 
drooping of the eyelids. At age 65, she felt 
diplopia, and at age 70 facial palsy, 
dysphagia and disturbance in speech 
appeared. At age 72, weakness of the hands 
and fingers developed and soon afterwards 
weakness of the legs and feet. At age 73, 
she became unable to walk. Neurological 
examination at age 75 revealed bilateral 
ptosis, complete extraocular palsy, masset- 
er and facial weakness, dysphagia, dys- 
phonia, dysarthria, and weakness and 
wasting of hands, fingers, legs, and feet 
(Fig 4). Funduscopic examination disclosed 
optic atrophy but no retinitis pigmentosa. 
No other neurological abnormalities were 
found, and findings from laboratory exam- 
inations were normal. An EMG showed a 


Fig 4.—Patient 3. Note ptosis of eyelids 
and lower lip, with marked muscular 
atrophy of lower half of face. 
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myopathie pattern, but no myotonia. 

Case 4.—This 63-year-old woman, whose 
family history is shown in Fig 5, started 
with bilateral ptosis at age 40, and gradually 
became unable to use fingers in skillful 
work. At age 50, right facial weakness 
appeared, and disturbance in speech 
followed. At age 63, she had difficulty in 
walking. On admission, weakness and 
wasting of extraocular, bulbar, masseter, 
facial, neck, and distal muscles were essen- 
tially identical to those of the previous 
cases. Results of routine laboratory exami- 
nations were normal including the serum 
CPK level. No other neurological abnormal- 
ities were recognized. An EMG was myo- 
pathic, and no myotonia was detected. 

Cases 5 anp 6.—Patient 5, a 60-year-old 
man and the brother of patient 4, and 
patient 6, a 52-year-old man and the cousin 
of patients 4 and 5, had initial symptom at 
ages 45 and 47, respectively. The distribu- 
tion of muscular involvement and the clin- 
ical course were identical to those of 
patient 4. Laboratory studies in both cases 
gave normal results. No other neurological 
abnormalities were found. 


CLINICAL FEATURES 


This illness appeared to be probably 
autosomal dominant in two families 
and definitely so in the last one. The 
disease started around 40 years of 
age in most cases, somewhat later in 
those with ptosis or weakness of the 
fingers as an initial symptom. Then 
the motor disturbance gradually pro- 
gressed in the masseter, facial, and 
bulbar muscles, and finally the pa- 
tients became unable to walk because 
of drop foot. The duration from the 
onset of the illness had been 5 to 22 


years at the time of the admission, but 
the proximal muscles were fairly well 
preserved compared to the distal 
muscles of the limbs. Except for 
muscular disturbances, these patients 
had no neurological or other manifes- 
tations as seen in myotonic dystrophy 
or in Kearns-Shy syndrome. Demen- 
tia, ataxia, pyramidal tract signs, 
deafness, peripheral neuropathy, cata- 
ract, retinitis pigmentosa, abnormal 
EEG, elevated CSF protein level, 
conduction abnormality of the heart, 
and disturbance of endocrine func- 
tions were all absent in our patients. 


Although optic atrophy was observed 
in two cases, but was considered to be 
secondary to complete ptosis. Electro- 
myographically, all cases showed myo- 
pathic pattern without any myoton- 
ia. 


PATHOLOGIC FINDINGS 


Patient 1 died of perforation of 
duodenal ulcer, and an autopsy was 
performed. Histologically, there were 
no remarkable findings in the central 
and peripheral nervous system. The 
number of the cells in the motor nuclei 
of cranial nerves III, IV, V, VI, VII, X, 
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Fig 5.—Family pedigree of patients 4, 5, and 6. 


Fig 6.—Case 1. Lateral rectus muscle, showing decrease in 
number of fibers and massive increase of endomysial connective 
tissue and fat. Variation of fiber diameter and some structural 
changes are also seen (hematoxylin-eosin x 400). 
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Fig 7.—Case 1. Quadriceps femoris muscle, variation of fiber 
diameter and structural changes are observed, but fibers are not 
decreased in number. Changes are much milder than those of 
extraocular muscles (hematoxylin-eosin x 200). 
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Other 
neurological 
signs 


Occasional 
optic 
atrophy 






Endocrine 
dysfunction 





Table 2.—Disorders With Similar Distribution of Muscular Involvement 


Present Oculopharyngeal Myotonic Kearns-Shy 
lliness Dystrophy Dystrophy Syndrome 
Age at onset >40 >40 20-40 <30 
Muscular 
involve- 
ment* 
Ptosis ++ ++ —or + ++ 
Extraocular + + —or + —or + + 
Masseter + + —or + —or + 
Facial + or ++ + + —or + 
Bulbar + + ++ + —or + 
Distal ++ — +or ++ —or + 
Cardiac — — +or ++ + 
Myotonia — — ++ — 


Retinitis + 
pigmentosa 


— — + 





















Dementia Dementia, ataxia, 
pyramidal, 


deafness, etc 










w OF + 





*—indicates absent; +, present; + +, markedly present. 


XI, and XII did not show any signifi- 
cant reduction compared to that of the 
control materials. Anterior horn cells 
of the cervical and lumbar spinal cord 
also showed no apparent change. 
Extraocular, tongue, pharyngeal, del- 
toid, hand intrinsic, intercostal, dia- 
phragmal, ileopsoas, quadriceps femo- 
ris, and anterior tibial muscles were 
examined in this case. Degeneration 
of the fiber structure including vacuo- 
lar formation, increased internal nu- 
clei, variation of fiber diameter, 
increased endomysial fat, and connec- 
tive tissue were observed in all 
muscles, but much more severe 
changes were seen in the smaller 
muscles than in the larger muscles 
such as the ileopsoas, quadriceps, or 
deltoid muscles. In extraocular mus- 
cles, the number of muscle fibers were 
decreased, and massive connective 
tissue replaced the fibers (Fig 6 and 
7). 

In the other five cases, muscle 
biopsy specimens were examined. The 
findings were essentially equal to 
those in case 1, but in cases 3 and 4, 
small or large groups of small type I 
fibers were observed. Otherwise, no 
specific findings were seen in histo- 
chemical stainings. A modified Gomo- 
ri trichrome stain showed no ragged 
red fibers in any case. 

In accordance with the autopsy 
findings in case 1, as well as the 
muscular changes in all cases, the 
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nature of muscular disturbance in the 
present illness was concluded to be 
myopathic rather than neurogenic in 
origin. 


COMMENT 


Extraocular muscles are affected in 
various disorders as listed by Drach- 
man.’ In certain cases, only ocular 
muscles or ocular and limb muscles are 
involved, and the nature of the disor- 
ders is considered purely myopathic. 
But in other cases, neurological mani- 
festations other than muscular symp- 
toms, as well as disturbances of other 
organs or tissues, accompany external 
ophthalmoplegia. In such cases, multi- 
systemic metabolic origins have been 
presumed. The present cases had no 
other findings than muscular symp- 
toms both in clinical and pathological 
aspects (Table 1). Therefore, Kearns- 
Shy syndrome'** or oculocranioso- 
matic neuromuscular disease with 
ragged red fibers’ was unlikely. Myo- 
tonic dystrophy without myotonia’ 
was also unlikely, because in addition 
to absence of myotonic phenomena, 
none of the other features of the 
disease was recognized, although the 
mode of inheritance was similar in 
both diseases. The distribution of 
muscular involvement of the illness 
we describe most resembled that of 
oculopharyngeal dystrophy.’ The age 
of onset, which has been considered 
most valuable in distinguishing it 
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from other ocular myopathies,'' was 
also very close (Table 2). However, the 
tendency of selective involvement of 
distal muscles of the limbs has not 
been reported in oculopharyngeal dys- 
trophy. On the other hand, ocular or 
pharyngeal involvement was very 
rare in distal myopathy. In 249 
patients reported on by Welander,’ 
only six had ocular symptoms, and 
none of them was described as having 
pharyngeal symptoms. 

The possibility of coincidental oc- 
currence of two different diseases is 
small in the present illness, because all 
of the affected members had almost 
identical onset, course, and distribu- 
tion of muscular involvement. We 
have reported two of the present cases 
as “distal involvement of the extremi- 
ties in ocular myopathy” in a previous 
article,’* but here we would like to 
propose the descriptive term “oculo- 
pharyngodistal myopathy” to sepa- 
rate this illness from other myopa- 
thies. 
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Pure Motor Hemiplegia 


Due to Cerebral Cortical Infarction 


Sudhansu Chokroverty, MBBS, MRCP; Frank A. Rubino, MD; Carol Haller, MD 


è Although pure motor hemiplegia has 
not been reported after cerebral cortical 
infarction, occasional exceptions may 
occur. We provide three such examples. 
Necropsy study confirmed the site of 
lesion in one patient, and laboratory 
results (EEG and computerized axial 
tomography) suggested cortical involve- 
ment in the other two patients. 

(Arch Neurol 34:93-95, 1977) 


P previous publications? we re- 
ported that pure motor hemi- 
plegia may result from lesions at sites 
other than the internal capsule or 
basis pontis. While it is true that 
cerebral cortical infarction does not 
usually cause pure motor hemiplegia 
without other associated defects, such 
as language dysfunction or sensory 
impairment, occasional exceptions 
may occur, as speculated by Fisher 
and Curry.’ Theoretically, it is possi- 
ble for an appropriately placed infarc- 
tion in the cerebral cortex to give rise 
to pure motor hemiplegia, but to our 
knowledge this has not yet been 
recorded. We now provide three such 
examples. Necropsy study confirmed 
the site of lesion in one and laboratory 
results suggested cerebral cortical 
involvement in the other two pa- 
tients. 


REPORT OF CASES 


Case 1.—On March 4, 1975, an 83-year-old 
man had transient weakness of the right 
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side of his body lasting for a few minutes. 
In the course of the next hour the weakness 
returned and progressed to complete paral- 
ysis. He did not have a headache, convul- 
sion, impairment of consciousness, pares- 
thesia, vertigo, or visual or language 
dysfunction. General physical examination 
included a blood pressure of 210/100 mm 
Hg and a pulse rate of 80 beats per minute. 
On neurological examination his mental 
functions were appropriate for his age and 
there was no evidence of dysphasia. He had 
undergone an operation for removal of a 
cataract in the right eye. The left pupil was 
reactive to light. Facial sensation was 
normal, but he had mild right central facial 
paresis. He was very deaf in both ears. 
There was no palatal or lingual weakness. 
He had complete paralysis of the right 
upper extremity and severe diffuse weak- 
ness of the right leg. The hemiplegic limbs 
were flaccid, but the muscle stretch 
reflexes were greater on the affected than 
on the unaffected side. Plantar response 
was extensor on the right, but flexor on the 
left side. Sensory examination was entirely 
normal. Laboratory data did not show any 
significant abnormalities except slight 
enlargement of the heart on the chest 
roentgenogram. 


The strength of the right leg improved 
considerably after physical rehabilitation, 
but the right arm remained functionless. 
He was discharged to a nursing home on 
April 28, 1975, but was readmitted on Aug 
11, 1975, in a dehydrated and confused 
state. He died the next day from cardiopul- 
monary arrest. 

General postmortem findings consisted 
of severe generalized and moderate coro- 
nary atherosclerosis, obstructive pulmo- 
nary emphysema, occlusion of the left 
renal artery, and atrophy of the left 
kidney. The cerebral hemispheres were 
symetrical but somewhat atrophic. The 
major cerebral arteries showed atheroma- 
tous plaques. Serial coronal sections of the 
cerebral hemispheres showed thinning and 
yellowish discoloration of the left frontal 
cortex involving the precentral region, the 
superior frontal gyrus, and the crown of 
the left inferior frontal gyrus (Fig 1). The 
immediate subcortical white matter was 
retracted and discolored. In the crown of 
the left middle frontal gyrus there was a 
very small area of thinning. The opercular, 
triangular, and orbital portions of the left 
inferior frontal gyrus were normal. There 
were small areas of softening (0.5 to 1 em 
in diameter) in the left superior and right 


Fig 1.—Coronal section of brain showing softening and discoloration of left frontal 
cortex. 
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Fig 2.—Transverse section of medulla showing Wallerian degeneration in left pyramid 


= 


(myelin, original magnification x 5). 


Fig 3.—Electroencephalogram (case 2) shows focal spikes and 
delta waves in right central and parietal regions. International 10- 
20 electrode placement system was used (timer, one second: 


calibration, 50 pV). 
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posterior parietal lobes and both occipital 
lobes. The thalami had lacunae bilaterally. 
Transverse section of the medulla disclosed 
Wallerian degeneration of the left pyramid 
(Fig 2). Microscopically, the discolored 
areas in the cerebral cortex and the thal- 
amic lacunae were consistent with old 
cystic infarctions, and the left thalamic 
lacuna involved the medial edge of the 
anteriormost portion of the posterior limb 
of the left internal capsule. The capsular 
lesion measured 5 mm in the anteropos- 
terior and 1 mm in the transverse direc- 
tion. 

Case 2.—A 66-year-old man had sudden 
weakness of the left side of his body and 
slurring of speech without loss of con- 
sciousness. He denied visual or language 
difficulties, vertigo, paresthesia, or convul- 
sion. Past history included diabetes melli- 
tus and hypertension of two years’ dura- 
tion. In the last three months he had had 
four to five episodes of transient vertigo, 
oscillopsia, and incoordination with a 
tendency to fall to the right, lasting for 
three to five minutes on each occasion. His 
blood pressure was 170/100 mm Hg. Neuro- 
logical examination showed normal mental 
and cranial nerve functions except for left 
central facial weakness, mild dysarthria, 
and evidence of diabetic retinopathy. He 
had a dense left hemiplegia with only a 


Fig 4.—Computerized axial tomography (case 3). Arrow points to 
area of infarct in right posterior temporal region. 
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trace of movement in the leg. There was 
marked wasting of the muscles of the left 
arm, left thigh, and left gluteal region on 
the second day of the illness. Muscle tone in 
the affected limbs was reduced for the first 
two to three days and then increased. 
Muscle stretch reflexes were brisker on the 
left than on the right side. Plantar 
response was extensor on the left side but 
flexor on the right. All sensory modalities, 
including cortical sensation, were normal. 
There was no cerebellar ataxia of the right 
side. 

Laboratory studies showed a fasting 
blood glucose level of 200 to 300 mg/100 ml. 
An EEG initially showed focal epileptiform 
activities accompanied by 2 to 3 Hz slow 
waves in the right central and parietal 
areas (Fig 3). A second EEG a week later 
was normal. Aortic arch angiogram showed 
atheromatous plaques in the left internal 
carotid artery 4 to 5 cm distal to its origin, 
and in the upper portion of the basilar 
artery. The rest of the laboratory data, 
including somatosensory cerebral evoked 
potential study and brain scan, were 
normal. 

The patient remained totally paralyzed 
for two days and then began to regain 
strength, first in the leg and then in the 
arm. One week later he was walking 
without a cane. He was discharged from 
the hospital a month after admission. 

Case 3.—A 54-year-old man had sudden 
onset of weakness of the left side of the 
body and a transient feeling of numbness 
in the left side of the face. In the course of 
the next 12 hours the strength in the left 
leg improved, but the weakness in the left 
arm progressed to complete paralysis. He 
did not have language or visual difficulties, 
convulsion, loss of consciousness, or verti- 
go. There was no history of hypertension, 
and blood pressure was 150/80 mm Hg. On 
neurological examination his mental func- 
tions were normal and there was no 
dysphasia. The visual fields were intact. 
Pupils were equal and reactive to light. The 
extraocular movements were full. Facial 
sensation was not impaired. There was 
mild left central facial paresis, but no 
weakness of the palate or tongue. Motor 
examination showed only a trace of move- 
ment in the left upper extremity but mild 
diffuse weakness of the left leg. Muscle 
stretch reflexes were brisker on the left 
than on the right side, and there was an 
unsustained left ankle clonus. The plantar 
response was extensor in the left foot and 
flexor in the right. Tests for coordination 
and sensation including all cortical sensory 
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axial tomography of the skull showed an 
area of lucency in the right posterior 
temporal region suggesting a small infarc- 
tion (Fig 4). The result of the laboratory 
tests, including brain scan, EEG, and soma- 
tosensory cerebral evoked potential study, 
did not show any abnormalities. The 
patient regained normal strength in the 
leg and had considerable improvement in 
the left arm after physical rehabilitation. 
He was discharged home three weeks after 
admission to the hospital. 


COMMENT 


In patient 1, there was unequivocal 
necropsy evidence of cerebral cortical 
infarction that was large enough to 
involve the face, arm, and leg areas of 
the precentral cortex, yet it spared the 
inferiormost part of the posterior 
frontal and most of the parietal 
cortices. The net result was a pure 
motor paralysis of one half of the body 
without associated language dysfunc- 
tion or sensory impairment. The ques- 
tion we have to decide next is whether 
the small lacunae in the thalami and in 
the anteromedial part of the posterior 
limb of the left internal capsule were 
incidental findings, or were in some 
way responsible for the patient’s clin- 
ical features. The thalamic lacunae 
were obviously not sufficient to cause 
any sensory impairment. Similarly 
small infarctions in the left superior 
and right posterior parietal lobes and 
both occipital lobes remained asymp- 
tomatic. It is extremely unlikely that 
an infarct of 5mm X 1 mm in dimen- 
sion in the medial and anteriormost 
part of the posterior limb of the 
internal capsule will cause paralysis of 
the entire one half of the body. Ac- 
cording to the standard textbooks of 
neuroanatomy, the corticospinal fi- 
bers are located in the anterior two 
thirds of the posterior limb of the 
internal capsule with face, arm, and 
leg in an anteroposterior distribution. 
The lesion in patient 1 was not exten- 
sive enough to involve all the cortico- 
spinal fibers. Furthermore, Englander 
et al‘ recently challenged the tradi- 
tional concept of the location of the 
corticospinal fibers in the internal 
capsule, and they concluded from their 
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modalities were normal. Computerized careful necropsy study of a patient 


that the corticospinal fibers occupied 
the third quarter of the posterior limb 
of the internal capsule. Therefore, the 
above-mentioned lesion in our patient 
could not involve all the corticospinal 
fibers. 

In the second patient, clear docu- 
mentation of focal delta waves and 
epileptiform activities in the initial 
EEG indicated that the responsible 
lesion for pure motor hemiplegia was 
in the cerebral cortex. The other 
notable feature in this patient was the 
presence of marked muscle atrophy in 
the hemiplegic limbs on the second 
day of the illness. Hemiplegic amyo- 
trophy has recently been reinforced 
by us.’ 

In patient 3, computerized axial 
tomography suggested a cortical le- 
sion in the appropriate side for pure 
motor hemiplegia, although it did not 
show involvement of the motor cortex. 
We believe that the technique of 
computerized tomography is not yet 
sufficiently accurate to outline the 
total extent of the lesion in all cases. 
Complete paralysis of the arm in the 
presence of mild leg weakness might 
have indicated that the lesion possibly 
originated in an area where the corti- 
cospinal fibers did not form a compact 
bundle, such as in the cerebral 
cortex. 

The above three examples show that 
infarction of the cerebral cortex may 
cause pure motor hemiplegia, and one 
should be aware of this possibility in 
an occasional patient and employ 
appropriate investigations, including 
computerized axial tomography. 
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Cerebral Arteriovenous Malformation 


and the Primitive Trigeminal Artery 


Appurao Jayaraman, MD; Michael Garofalo, Jr, MD; Ray A. Brinker, MD; Joseph G. Chusid, MD — 


è A 27-year-old woman with a small 
cerebral arteriovenous malformation and 
a primitive trigeminal artery had suba- 
rachnoid hemorrhage. This case and a 
review of the literature suggest that some 
of the “spontaneous” subarachnoid hem- 
orrhages reported in patients with a prim- 
itive trigeminal artery may have been due 
to rupture of an unrecognized small 
arteriovenous malformation or aneu- 
rysm. 

(Arch Neurol 34:96-98, 1977) 


he primitive trigeminal artery 

represents the persistence of an 
embryonal anastomotic vessel be- 
tween the carotid artery and the 
basilar vessel systems. Following the 
angiographic demonstration of the 
primitive trigeminal artery by Sut- 
ton,' many cases of carotid-basilar 
anastomoses have been recognized. 
Carotid-basilar anastomosis may oc- 
cur with other abnormalities and 
malformations of the vessels of the 
circle of Willis, from which poten- 
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tially serious complications may arise. 
One of our recent patients had a cere- 
bral arteriovenous malformation and 
a primitive trigeminal artery. Review 
of the literature disclosed 11 similar 
cases of arteriovenous malformation 
associated with a primitive trigeminal 
artery. 


REPORT OF A CASE 


A 27-year-old woman, gravida 1, para 1, 
in the fourth month of pregnancy, was 
admitted to the hospital with a history of a 
single episode of sudden severe headache, 
vomiting, and stiff neck. On admission her 


blood pressure was 128/74 mm Hg, and she 
had moderate nuchal rigidity. A lumbar 
puncture yielded an opening pressure of 
260 mm water, and a bloody cerebrospinal 
fluid with a red blood cell count of 646,000/ 
cu mm; WBC count, 165/cu mm; protein 
level, 370 mg/100 ml; and glucose level, 93 
mg/100 ml. She was treated with dexa- 
methasone, 10 mg every six hours, and 
phenobarbital, 30 mg three times a day by 
intramuscular injections. 

A cerebral angiogram through the femo- 
ral route was performed one day after 
admission. A selective left internal carotid 
angiogram revealed filling of both poste- 
rior cerebral arteries and the basilar artery 


Fig 1.—Lateral roentgenogram 11⁄4 seconds after injection of contrast material reveals 
filling of left internal carotid artery and upper portion of basilar artery through patent 
primitive trigeminal artery (arrow). 
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via a left-sided primitive trigeminal 
artery. In addition, a small arteriovenous 
malformation, evidenced by the presence 
of three small early veins prominent at 1% 
seconds after the injection of the dye, was 
seen in the left temporal lobe area (Fig 1 
through 4). This was fed by branches of the 
middle and posterior cerebral arteries. The 
right internal carotid and the vertebral 
artery angiograms were normal. 

One week after admission the patient 
continued to have nominal aphasia, acalcu- 
lia, and dyslexia. The electroencepha- 
logram at this time revealed a left-sided 
midtemporal 1- to 3-Hz slow-wave focus. A 
brain scan was deferred in this pregnant 
patient. She showed remarkable recovery 
of function, and lumbar puncture prior to 
her discharge five weeks after admission 
revealed an opening pressure of 180 mm of 
water and a clear, colorless cerebrospinal 
fluid with a red blood cell count of 10/cu 
mm, no WBCs, a protein level of 50 mg/100 
ml, and a glucose level of 40 mg/100 ml. 

The patient was later rehospitalized and 
delivered of a healthy female baby by 
cesarean section. A follow-up examination 
three years later revealed a normal neuro- 
logic status. 


COMMENT 

A primitive trigeminal artery is 
more common than a primitive hypo- 
glossal, otic (stapedial), or proatlantal 
artery.‘ Clinically, the primitive tri- 
geminal artery has been implicated in 
tic douloureux,’ recurrent third nerve 
palsy, and spontaneous subarachnoid 
hemorrhage.’ It is said to occur more 
commonly in mentally retarded pa- 
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Fig 4.—Midvenous phase reveals “washout” of arteriovenous malformation. 


tients, and has been reported with 
tumors,’ arachnoid cysts, and seizure 
disorders.'” Hypoplastic basilar and 
vertebral arteries and asymmetrical 
configuration of the circle of Willis 
also occur with a primitive trigeminal 
artery.”'! The associated occurrence 
of an aneurysm in a vessel of the circle 
of Willis or in the primitive trigeminal 
artery itself is well documented. 

Arteriovenous malformation of the 
brain may occur with carotid-basilar 
anastomoses. There have been 11 
cases of arteriovenous malformation 
with primitive trigeminal artery re- 
ported,*'"'*?° and one case with a 
primitive hypoglossal artery.” The 
first case was reported by Krayenbithl 
and Yasargil.'’ Campbell and Dyken* 
described a patient with Jacksonian 
seizures and psychotic depression who 
had multiple angiomas and a primi- 
tive trigeminal artery. One patient 
described by Lamb and Morris" with 
a small angioma and primitive tri- 
geminal artery had subarachnoid 
hemorrhage. Fields'’ reported a case 
similar to ours in a young pregnant 
woman, with features suggestive of 
subarachnoid hemorrhage. 

In the majority of reported patients 
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with arteriovenous malformation and 
a primitive trigeminal artery clinical 
symptoms include intracranial or sub- 
arachnoid hemorrhage (Table). The 
cerebral arteriovenous malformation 
had no definite predilection for the 
side of the primitive trigeminal 
artery, and often was small in size. 
Gannon" suggested that some of the 
arteriovenous malformations were 
small in size and not readily apparent 
on angiography. It seems quite possi- 
ble that some cases of “spontaneous” 
subarachnoid hemorrhage in patients 
with a primitive trigeminal artery 
may have been due to rupture of an 
unrecognized small arteriovenous 


K 4 


malformation or aneurysm.” 
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Influenza Virus Antibodies in 


Comparison of Postencephalic and 
Idiopathic Parkinson Patients and Matched Controls 


Reijo J. Marttila, MD; Pekka Halonen, MD; Urpo K. Rinne, MD 


èe Hemagglutination inhibiting antibod- 
ies to four influenza virus strains: A/ 
Swine/1976/30 (HswN1), A/PR/8/34 
(HON1), A/England/1/51 (H1N1), and A/ 
Singapore/1/57 (H2N2), were studied in 
blood serum specimens from 20 patients 
with postencephalitic and 55 patients with 
idiopathic Parkinson disease and their 
age- and sex-matched controls. No signif- 
icant differences were observed in the 
distribution or the mean titers of anti- 
bodies to any of the four strains tested, 
when the postencephalitic patients and 
their controls or the idiopathic patients 
and their controls were compared. The 
postencephalitic group was also similar 
to the idiopathic group with regard to the 
influenza antibodies. 

(Arch Neurol 34:99-100, 1977) 


t is generally accepted that the 
world-wide epidemic of lethargic 
encephalitis in the 1920s left many 
victims with parkinsonian symptoms.’ 
The cause of this encephalitis, how- 
ever, is unknown. A viral origin is 
strongly suggested by the clinical 
picture and the pathological findings. 
One of the most often considered 
etiological agents is influenza virus. 
This opinion is based on the rather 
simultaneous occurrence of pandemic 
influenza and lethargic encephalitis in 
1918 and 1919, but the association of 
those two diseases is far from deci- 
sive.'~* 

More recently, the possible connec- 
tion of postencephalitic Parkinson 
disease and influenza virus has been 
emphasized, based on observations 
using immunofluorescent methods. 
Antigenic material related to neuro- 
tropic influenza strain AO was found 
in some neurons of the hypothalamus 
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and substantia nigra in postencepha- 
litic parkinsonian brains.‘ However, 
no differences were found in a sero- 
logical study between postencephalitic 
Parkinson patients or idiopathic Par- 
kinson patients and their matched 
controls concerning complement-fix- 
ing antibodies to the influenza A type- 
specific S antigen or the hemag- 
glutination inhibiting (HI) antibodies 
to influenza strain A/PR/8/34 
(HON1).° 

The present study was designed to 
assay the occurrence of antibodies to 
influenza A/Swine (HswNl), A0 
(HON1), Al (H1N1), and A2 (H2N2) 
strains in blood serum specimens 
collected from postencephalitiec and 
idiopathic Parkinson patients, and to 
compare the antibody levels with 
healthy controls matched for sex and 
age. 


SUBJECTS AND METHODS 
Patients and Controls 


Of 23 patients with postencephalitic 
Parkinson disease found in an epidemio- 
logical study of Parkinson disease con- 
ducted in southwest Finland during 1972 
and 1973,° 20 patients were ineluded in this 
study, since their blood serum specimens 
were available for testing. The 55 patients 
with idiopathic Parkinson disease were 
randomly selected from among the total of 
421 idiopathic Parkinson patients also 
found during the epidemiological study.‘ 
All patients included were examined by a 
neurologist. The diagnostic criteria for 
both the idiopathic and the postencephalit- 
ic cases have been described previously in 
detail." Briefly, the criteria for encephalitic 
genesis were definite symptoms referring 
to encephalitis during the 1920s. The 
history of a febrile illness typical of the 
influenza pandemic of 1918 was not consid- 
ered equivalent to that of encephalitis. 

The search for control persons was 
performed by the Register of the Finnish 
Health Insurance, which covers all people 
residing in Finland. For each patient, a 
control person was randomly selected from 
among the population residing in the same 
area at the end of year 1972, matched in 


Parkinsonism 


sex and age (+ 1 year) with the proviso that 
the control person be free of extrapyram- 
idal disease. The controls thus represented 
a sample from the general population of 
relevant-aged residents in southwest Fin- 
land. 

The patient and control sera were 
collected during 1972 and 1973, divided in 
small aliquots, and stored at —20 C until 
tested. 


Serological Techniques 


The influenza strains, A/Swine/1976/30 
(HswN1), A/PR/8/34 (HON1), A/En- 
gland/1/51 (H1N1), and A/Singapore/1/57 
(H2N2), were grown in embryonated eggs, 
and the allantoic fluid was the hemagglu- 
tinin. Each hemagglutinin prepared was 
tested against homologous ferret anti- 
serum and against heterotypic influenza 
virus ferret antisera. The HI titer of A/ 
Swine antiserum was 1:128 with A/Swine/ 
1976/30 hemagglutinin, and less than 1:8 
against the heterotypic hemagglutinins. 

Before testing, all blood serum spec- 
imens were treated with receptor-destroy- 
ing enzyme to remove nonspecific inhib- 
itors. The HI technique employed was a 
microsystem using chicken erythrocytes 
with phosphate-buffered saline, pH 7.4, as 
diluent; four hemagglutinin units were 
used in the test. The last dilution of serum 
causing complete or almost complete inhi- 
bition of hemagglutination was taken as 
the HI titer. 

The same preparation of each antigen 
was used in testing all blood serum spec- 
imens included in the study. The specimens 
were tested in four successive series. The 
specimens of each patient and the corre- 
sponding matched control, however, were 
analyzed on the same day, and the tests 
were read blindly. 


Statistical Methods 


The distribution of the antibody titers 
between the patients and the controls was 
compared using the 2 xk contingency 
table modification of the x? test. The mean 
titers of two groups were compared by 
Student t test and the paired titer differ- 
ences were also tested with a t test appro- 
priately applied. In testing differences 
between several mean titers, analysis of 
variance was used. 
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Virus Strain 
A/Swine/1976/30 (HswN1) 


Postencephalitic 2§ 4 
Controls 2 1 
Idiopathic 8 5 
Controls 12 8 
A/PR/8/34 (HON1) 
Postencephalitic 15 1 
Controls 14 1 
Idiopathic 24 11 
Controls 30 12 
A/England/1/51 (H1N1) 
Postencephalitic 17 1 
Controls 10 7 
Idiopathic 38 5 
Controls 34 7 


A/Singapore/1/57 (H2N2) 
Postencephalitic 


2 
Controls 5 3 
Idiopathic 24 5 
Controls 4 


Hemagglutination Inhibiting Titer; 





a 5 6 
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Mean + SEM} 































9 1 + 
6 9 2 43+0.3 
19 13 9 1 4.1 + 0.2 
12 16 7 3.8 + 0.2 
4 1.7+0.3 
4 1 1.9 + 0.3 
15 5 2.6 + 0.2 
9 2 2 28 + 0.2 
1 1 15 20:3 
2 1 23+0.3 
4 1.9+ 0.2 
11 3 2:1. 0.2 
1 5 3 1 3.4+ 0.5 
6 3 3 4.2+0.5 

7 7 2 + 


*Taken from 20 patients with postencephalitic and 55 patients with idiopathic Parkinson disease, 
and matched controls. 

Log, of the reciprocal of the serum dilution. 

{Titer <3 is calculated as 2° 

§Number of specimens with indicated titer. 


RESULTS 


The number of patients with post- 
encephalitic Parkinson disease was 20. 
In all of them, a definite history of 
encephalitis during the 1920s was 
obtained, and 14 revealed past or 
present oculogyric crises. Their mean 
age was 67 years, ranging from 54 to 
75, and the mean duration of the 
disease was 28 years, with a range 
from 8 to 52. The idiopathic group 
consisted of 55 patients with a mean 
age of 67 years (range, 40 to 83) and a 
mean duration of the disease of nine 
years (range, 2 to 17). 

The results of the influenza anti- 
body assays are summarized in the 
Table. When the distribution of single 
titer values was compared, no signifi- 
cant differences were observed be- 
tween the postencephalitic group and 
their controls in antibodies to any of 
the four strains tested. The same held 
true with the comparison concerning 
the idiopathic Parkinson patients and 
their controls, as well as the compar- 
ison between the postencephalitic and 
idiopathic groups. 

In the comparison of the mean 
titers or the mean paired titer differ- 
ences in various groups, no significant 
differences were discovered either 
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between the postencephalitic Parkin- 
son patients and their controls or 
between the idiopathic Parkinson pa- 
tients and their controls. In addition, 
the postencephalitic group did not 
differ significantly from the idiopath- 
ic group with regard to the mean 
titers to the four influenza strains. 

All groups (postencephalitic Parkin- 
son patients, idiopathic Parkinson 
patients, and respective controls) 
were found to be homogenous as to 
the occurrence of antibodies to each of 
the four influenza virus strains 
tested. 


COMMENT 

Although the first influenza virus in 
man was not isolated until the early 
1930s, seroepidemiological studies 
have shown that swine influenza 
virus, first isolated in 1930, is the most 
probable causative agent of the pan- 
demic influenza of 1918." The swine 
influenza virus used in our studies, a 
1930 isolate, thus plausibly represents 
the most closely related strain to the 
pandemic influenza of 1918 now avail- 
able. Accordingly, we consider our 
results to describe the antibody level 
to the most probable agent respon- 
sible for the pandemic influenza. 

The failure to demonstrate any 





differences between postencephalitic 
Parkinson patients, idiopathic Parkin- 
son patients, and carefully matched 
controls in influenza virus HI anti- 
bodies suggests that the swine in- 
fluenza virus or the other influenza 
strains tested are not etiologically 
related to lethargic encephalitis. 

Our present results, in accordance 
with our previous findings,°® also dem- 
onstrate that there is at present no 
serological evidence either for the 
persistence of influenza virus in 
postencephalitic Parkinson patients 
or for the etiological relationship of 
influenza virus and postencephalitic 
Parkinson disease. 

Although we could not support the 
conjecture about the association of 
influenza virus and postencephalitic 
Parkinson disease,‘ a viral infection is 
the most probable cause of this condi- 
tion. Furthermore, certain viruses 
may have significance even in idio- 
pathic Parkinson disease, as sug- 
gested by serological data. This 
contingency, however, remains to be 
elucidated. 


This study was supported by the Academy of 
Finland, Medical Research Council, and the 
Sigrid Juselius Foundation. Mrs Leena Nurmi 
provided technical assistance. The influenza virus 
strains and ferret antisera were provided by J. J. 
Skehel, MD, of the National Institute for Medical 
Research, London. 
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Neurologic Aspects 


of Hereditary Hemorrhagic Telangiectasia 


Report of Two Cases 


Harold P. Adams, Jr, MD; Bakkiam Subbiah, MD; Erich P. Bosch, MD 


è The several neurologic manifesta- 
tions of hereditary hemorrhagic telangiec- 
tasia (HHT) may be caused by complica- 
tions of pulmonary arteriovenous fistulae 
or associated central nervous system 
vascular malformations. The presence of 
skin and mucosal telangiectases should 
alert the clinician to the possibility of the 
disorder and in turn of its potential for 
associated neurologic disease, including 
cerebral hemorrhage and abscess. This 
report describes two cases and demon- 
Strates that the clinical spectrum of HHT 
should be enlarged to include its admit- 
tedly rare, but serious, neurologic as- 
pects. 

(Arch Neurol 34:101-104, 1977) 


Hee hemorrhagic telangiec- 
tasia (HHT): or Osler-Weber- 
Rendu disease is an autosomal domi- 
nant inherited disorder, characterized 
by telangiectasia of the skin, mucous 
membranes, and viscera. Repeated 
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Fig 1.—Case 2. Subtle lip telangiectases. 


epistaxis, hemoptysis, hematuria, 
melena, and chronic anemia are the 
result of the widespread angiodyspla- 
sia, leading to profuse hemorrhage 
after minor trauma.’ A spectrum of 
neurologic manifestations of variable 
severity has been described in associa- 
tion with HHT. Boczko’s? review of 
neurologically involved cases has 
shown that symptoms may be caused 
by central nervous system complica- 
tions of associated pulmonary fistu- 


lae, the most serious of which is a 
brain abscess, or by concomitant cere- 
bral or spinal vascular malformations. 
Our report describes two patients 
with significant neurologic complica- 
tions of HHT. One patient had a brain 


abscess, and the second had the 
unusual combination of a brain ab- 
scess and a symptomatic cerebral 
vascular malformation. Every neurol- 
ogist should be familiar with the clin- 
ical syndrome of HHT and its neuro- 
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Fig 2.—Case 2. Pulmonary arteriovenous 
fistula in left lower lobe seen on postero- 
anterior chest roentgenogram. 


Fig 3.—Case 2. Computed tomogram after 
contrast injection, showing left frontal 
brain abscess with surrounding cerebral 
edema. 


2 





logic aspects, for these patients may Fig 4.—Case 2. Lateral view of left carotid angiogram, using subtraction techniques, with 
first seek medical attention because avascular frontal mass and two small arteriovenous malformations fed by branches of 


. ; eet middle cerebral artery. 
of serious neurologic complications. 


REPORT OF CASES 


Case 1.—A 35-year-old staff sergeant in 
the US Air Force was admitted to the 
USAF Hospital, Clark, Philippines, for 
evaluation of a convulsion that occurred in 
May 1975. His father and grandfather had 
multiple skin telangiectases but no pulmo- 
nary or neurological symptoms. An abnor- 
mal chest roentgenogram in 1974 had led to 
pulmonary angiography, which disclosed a 
pulmonary arteriovenous fistula. He was 
asymptomatic until the day of the convul- 
sion, following which he complained of 
headache. 

He was alert and oriented. Multiple skin 
and lip telangiectases, clubbing of the 
digits, and perioral and peripheral cyanosis 
were present. No extracardiac murmur was 
heard. There was a dense left homonymous 
hemianopsia. 

Hemoglobin level was 15.6 gm/100 ml; 
arterial blood gas measurements while 
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breathing room air were as follows: Po,, 54 
mm Hg; Pco,, 20 mm Hg; pH, 7.44; and 
oxygen saturation, 85%. A coin lesion in the 
superior segment of the right lower lobe 
was seen on chest x-ray film. An electroen- 
cephalogram showed diffuse right hemi- 
sphere 1.5- to 2-second delta activity. A 
nuclide brain scan demonstrated an area of 
increased uptake in the right parietal 
region. Right carotid angiography showed 
a large, avascular, right temporoparietal 
mass. 

Headaches soon became more severe and 
confusion was apparent. At right parietal 
craniotomy, a large brain abscess was 
found. Purulent material was also obtained 
from the right lateral ventricle. Surgical 
decompression was performed. Atypical 
Streptococcus was grown on anaerobic 
culture. Postoperatively, the patient was 
comatose and demonstrated a dense left 
hemiplegia. He died on the seventh postop- 
erative day. 

Necropsy disclosed a 3 x 1.5-em_ar- 
teriovenous fistula in the superior segment 
of the right lower lobe and a small 
1.8 x 0.8-cm vascular lesion in the superior 
segment of the left lower lobe. The heart 
was normal. A large abscess was found in 
the right cerebrum; it had ruptured into 
the lateral ventricle. 

Case 2.—A 29-year-old right-handed man 
was admitted to the University of Iowa 
Hospitals in December 1975. He had been 
seen in 1960 because of sudden headache, 
neck rigidity, and left hemiparesis. Cere- 
bral angiography then revealed multiple 
small vascular malformations in both 
hemispheres and a right frontal avascular 
mass that, at operation, proved to be an 
intracerebral hematoma. A small arterio- 
venous malformation was found in the clot. 
He did well except for convulsions, which 
were controlled with medication. At age 24 
years, a persistent pulmonary infiltrate of 
the left lower lobe was noted in a routine 
chest x-ray film. At the same time, “red- 
dish spots” were observed on his lower lip. 
These lesions did not bleed. One month 
before admission, he experienced left-sided 
pleuritic pain; one week before admission, 
he complained of increasingly severe head- 
aches and irregular fever, followed by 
vomiting, confusion, and progressive stu- 
por. 

The parents were not affected, but two 
of his children had telangiectases on lips 
and buccal mucosa. 

The patient was stuporous and withdrew 
the left limbs more vigorously than the 
right on noxious stimulation. Early papil- 
ledema was present. There were clubbing 
of the fingers and toes, mild peripheral 
cyanosis, and punctate telangiectases of 
the lower lip and tongue (Fig 1). A bruit 
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accentuated by inspiration was heard in 
the left midaxillary line. 

Hemoglobin level was 17.0 gm/100 ml; 
hematocrit value, 53%; and white blood cell 
count, 14,800/cu mm. Arterial blood gas 
measurements while breathing room air 
were as follows: Po,, 52 mm Hg; Pco., 32 
mm Hg; and pH, 7.37. Chest roentgen- 
ogram showed a wedge-shaped density in 
the lower lobe with vascular markings 
from lesion to hilum (Fig 2). Electroen- 
cephalography revealed continuous, irreg- 
ular polymorphic delta activity arising 
from the left hemisphere. Computed axial 
tomography with injection of diatrizoate 
sodium and diatrizoate meglumine (Reno- 
grafin-76) showed a large left frontal mass 
with decreased density in its center 
surrounded by a vascular ring and edema 
(Fig 3). Left carotid angiogram revealed a 
large avascular frontal mass. The lateral 
angiograms disclosed two small vascular 
malformations fed by terminal branches of 
the middle cerebral artery (Fig 4). In the 
capillary and early venous phase, small 
cortical veins draining the malformations 
could be clearly demonstrated. A left 
frontal lobe abscess was drained. Culture 
of pus grew Peptostreptococcus and Haemo- 
philus aphrophilus. The patient improved 
without sequelae. 

The pulmonary lesion was investigated 
by right-sided heart catheterization and 
pulmonary angiography. Right atrial, right 
ventricular, and pulmonary artery pres- 
sures were normal. A large arteriovenous 
fistula in the anterior basal segment of the 
left lower lobe was visualized; dye curve 
findings indicated a right-to-left shunt of 

Two months later, segmental resection 
of the pulmonary arteriovenous fistula was 
done. During this operation, the patient 
suffered an embolic infarction that caused 
right hemiplegia and global aphasia. 


COMMENT 


The various neurologic manifesta- 
tions of HHT may be complications of 
pulmonary arteriovenous fistulae or 
may be secondary to associated vascu- 
lar malformations of the central 
nervous system. 

Approximately 15% of patients with 
HHT develop identifiable pulmonary 
malformations’; conversely, 40% to 
60% of patients with such pulmonary 
lesions have other signs of Osler- 
Weber-Rendu disease.** These vascu- 
lar anomalies may be single or 
multiple and may occur in any lung 
segment, with a predilection for the 
lower lobe.’ The fistulae gradually 


increase in size to become hemody- 
namically significant in early adult- 
hood.‘" The right-to-left shunt in the 
lesser circulation, leading to chronic 
arterial hypoxemia and secondary 
polycythemia, is the basis for the 
symptomatology. Rarely, the anoma- 
lies may rupture, producing hemop- 
tysis or pleural hemorrhage.’ Most 
patients demonstrate the cardinal 
skin and mucosal telangiectases of 
HHT, though these may be quite 
subtle, as in our second case. Addi- 
tional common symptoms are exer- 
tional dyspnea, peripheral cyanosis, 
digital clubbing, and extracardiac 
murmur over the pulmonary lesion.*:!7 
The typical radiologic appearance of a 
pulmonary fistula is a coin-like lesion 
connected by vascular strands to the 
hilum.‘ Diagnostic confirmation is 
obtained by echocardiography with 
indocyanine injection, right-sided 
heart catheterization, and pulmonary 
angiography.“ 

Moyer et al‘ described neurologic 
symptoms in 29% of 220 patients with 
pulmonary arteriovenous fistulae. 
Hodgson and Kaye’ and Sluiter- 
Eringa et al” reported even higher 
prevalences, ranging from 43% to 67% 
in smaller patient series. Most symp- 
toms are transient and are probably 
related to hypoxemia or polycythemia. 
Headaches, faintness, dizziness, and 
numbness are common complaints. 
Focal motor deficits, dysphasia, and 
brain-stem signs are less frequently 
encountered. Transient ischemic at- 
tacks, and thrombotic or embolic 
strokes may occur. Polycythemia, 
thromboemboli arising either within 
the pulmonary fistula or from sys- 
temic veins, and rarely air emboli 
occurring after hemoptysis are poten- 
tial pathophysiologic mechanisms for 
the associated cerebrovascular disor- 
ders." The right-to-left extracardiac 
shunt, which allows bacteria or septic 
microemboli to bypass the pulmonary 
filter, and tissue hypoxia secondary to 
concomitant infarction or arterial hy- 
poxemia predispose to the develop- 
ment of brain abscess.’ Reports of 
large series of pulmonary fistuale**" 
and single case reports'*""’ have estab- 
lished the incidence of brain abscess to 
be 5% to 6% in patients with pulmo- 
nary fistulae. The hazard of this 
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complication in patients with HHT 
may warrant surgical resection of 
even asymptomatic pulmonary fistu- 
lae.’ 

The association of cerebral angio- 
mas with HHT is less well docu- 
mented. The cooperative study on 
cerebral arteriovenous malformations 
did not note such coexistence.“ Re- 
cently, Waller et al'’ reviewed 14 cases 
of angiographically or neuropatholog- 
ically confirmed cerebral vascular 
malformations in HHT. They re- 
ported seven cerebral arteriovenous 
malformations, six parenchymal or 
meningeal telangiectases, and a single 
ease of a venous angioma. Additional 
reports in the literature have de- 
scribed two spinal angiomas,'~'” three 
cerebral arteriovenous malforma- 
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tions,- and an aneurysm of the vein 
of Galen.” 

The cases with telangiectases were 
usually asymptomatic, being only in- 
cidentally found on autopsy.” 
However, the arteriovenous angio- 
mas were first noted in association 
with chronic headaches, seizures, focal 
deficits, or intracranial hemor- 
rhage. ?30:3-29 

Our patients developed cerebral 
abscess presumably secondary to a 
pulmonary fistula. A careful search 
for telangiectases, cyanosis, and digi- 
tal clubbing and the abnormal chest 
roentgenograms revealed the under- 
lying disorder. These signs, seen in 
conjunction with focal neurologic defi- 
cits, seizures, and increased intra- 
cranial pressure, should alert the 
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Particles Resembling Oncornaviruses 


Spontaneous Release From Cultured Meningioma Cells 


Paul E. Bendheim, MD, Marshall Dinowitz, Se D 


è A cell culture from thoracic cord 


meningioma tissue obtained at surgery. 


was maintained for several passages in 
cell culture. These cells spontaneously 
released particles with an RNA of high- 
molecular weight (90S to 95S) and a 
density similar to that of type C oncornavi- 
ruses. The implications of these results 
and similar findings by others are 
discussed. 
(Arch Neurol 34:105-108, 1977) 


he interest in a possible viral 
contribution to the origin of 
neurological diseases, including de- 
generative diseases and tumors of the 
central nervous system, has been 
furthered by electron microscopy in 
progressive multifocal leukoencepha- 
lopathy,' by successful transmission of 
Creutzfeldt-Jakob disease and kuru to 
animals,’ and by the characterization 
of particles resembling oncornavi- 
ruses from human brain tumors.’ 
Cuatico et al’ found that 92% of 
glioblastomas and medulloblastomas 
examined by direct biochemical assay 
of surgical specimens contained parti- 
cles fulfilling the standard criteria for 
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RNA tumor viruses. Only 27% of 
meningiomas tested in the same 
manner contained similar particles. 
Our interest is in establishing labora- 
tory cultures of pathological central 
nervous system tissue and, through 
the use of recognized techniques for 
virus isolation, attempting to identify 
viral particles that may be related in 
an etiologic fashion to the diseased 
cells producing them. This report 
describes RNA-containing particles 
spontaneously released from menin- 
gioma tissue growing in cell culture. 


REPORT OF A CASE 


A previously healthy 17-year-old boy was 
admitted to the hospital with a four-month 
history of progressive weakness in both 
lower extremities. He also complained of 
urinary urgency and occasional inconti- 
nence of urine and stool. His symptoms had 
progressed rapidly during the two weeks 
preceding hospitalization. 

Neurological examination revealed a 
paraparesis, with the right side weaker 
than the left, bilateral Babinski signs, 
decreased pain sensation as tested by pin 
prick to a level of T-8 on the right side and 
T-7 on the left, and decreased position 
sense in the toes on the right. His gait was 
slow and spastic. The remainder of the 
neurological examination and the general 
medical examination were normal. 

A myelogram revealed an extramedul- 
lary, intradural, largely right-sided mass 
causing a high-grade but incomplete 


obstruction at the T1-2 level. Cerebro 
spinal fluid obtained at myelography was 
clear and colorless, contained no red or 
white blood cells, 57 mg/100 ml glucose, 
and 85 mg/100 ml protein. 

A laminectomy from T-1 to T-3 was 
performed and a solid tumor was complete- 
ly removed. An intraoperative frozen 
biopsy specimen showed the tumor to be a 
meningioma. 

The patient had an uncomplicated post- 
operative course with rapid return of all 
neurological function. At a follow-up visit 
four months later he was without symp- 
toms or signs of neurological dysfunction. 


Pathology 


The neoplasm was composed of fairly 
uniform cells with ample, palely eosino- 
philic cytoplasm and uniform, round to 
oval, slightly hyperchromatic nuclei. Cells 
were arranged in nests, interlacing bands, 
and whorls. Some areas appeared fibro- 
blastic, while other areas had a more 
distinctly meningotheliomatous configura- 
tion. Numerous psammoma bodies were 
present throughout the meningioma. The 
dura was invaded by tumor cells in some 
areas and some ossification was noted in 
the tumor. 


MATERIALS 
Tissue Cultures 


Pieces of the meningioma tissue were 
immediately placed in tris-buffered saline 
(0.14M NaCl; 0.05M KC1; 0.007M Na. HPO,; 
0.005M glucose; and 0.02M tris, pH 7.4) at 4 
C after surgical removal. The tissue was 
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transported to the laboratory where it was 
cut into small explants (approximately 1 sq 
mm) using sterile instruments. These frag- 
ments were treated with 0.05% trypsin for 
eight minutes at 37 C, after which an equal 
volume of a defined culture medium‘ was 
added. The explant cell suspension was 
transferred to 35-mm plastic culture dishes 
and additional medium was added to bring 
the final volume to 2 ml/culture plate. 

All cultures were maintained at 37 C ina 
humidified incubator under an atmosphere 
of 95% air and 5% carbon dioxide. The 
culture medium was replaced every three 
or four days during the first two weeks of 
explant growth, and thereafter one half of 
the medium was replaced every day or 
two. 

When monolayer cultures were obtained 
or when piling up of cells was observed 
under the microscope, the cultures were 
subcultured. Cultures were first subcul- 
tured after 17 days and again approxi- 
mately every week, depending on the 
growth rate of the cells. 

A Rous sarcoma virus transformed 
chicken embryo fibroblast line’ provided 
Rous sarcoma virions for use as density 
markers. These virions also provided a 
source for 70S RNA, used as a marker in 
the RNA sedimentation analyses. 


Assays for Tritium-Labeled 
Virus Particles 


Tritiated uridine, 50 »Ci/ml, was added 
to cell culture mediums to label viral RNA 
synthesized during the experiments. After 
48 hours, the medium was removed and 
clarified by centrifugation for ten minutes 
at 3,000 rpm. An equal volume of saturated 
ammonium sulfate was then added to the 
supernatant, and this mixture was centri- 
fuged for ten minutes at 3,000 rpm. The 
resulting pellet was resuspended in 0.2 ml 
tris-edetic acid (0.005M tris, 0.001M edetic 
acid, at pH 7.3). Resuspended pellets were 
stored at —20 C until used. Sucrose 
gradients were used for banding of labeled 
material.‘ After thawing the resuspended 
pellet, the material was placed on a 15% to 
60% sucrose in tris-edetic acid (weight by 
volume) gradient and centrifuged on an 
ultracentrifuge at 120,000 gœ for 180 
minutes in a rotor head at 4°. 

To increase the purity of the fractions 
obtained from the density gradients, each 
sample was centrifuged twice. On comple- 
tion of the initial centrifugation, the 
gradients were collected from the bottom. 
A tritiated uridine-labeled Rous sarcoma 
virus gradient was used to determine 
which fractions contained the peak incor- 
poration of labeled material at the appro- 
priate density (1.15 to 1.19 gm/ml) for 
oncornavirus. The three fractions from 
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Fig 1.—Incorporation of tritiated uridine 
into RNA of particles as determined by 
sucrose density gradient analysis. A, Parti- 
cles isolated from meningioma cells. B, 
Rous sarcoma virus particles isolated from 
transformed chicken embryo fibroblasts. 


each gradient that corresponded to the 
Rous sarcoma peak were then combined 
and diluted 1:4 with tris-edetic acid. A 
sample of this resuspended, pooled peak 
was then recentrifuged on a 15% to 60% 
sucrose gradient as described above. On the 
completion of this second centrifugation, 
the gradients were fractionated and 
counted in a scintillation counter. 


RNA Sedimentation Analysis 


The resuspended peak fractions obtained 
from the initial ultracentrifugation were 
used for sedimentation, analysis of the 
RNA contained in the particles banding at 
1.15 to 1.19 gm/ml. The final volume of the 
combined fractions were brought to 5 ml in 
tris-edetic acid. This volume was centri- 
fuged for 50 minutes at 120,000 g at 4 C in a 
rotor head on the ultracentrifuge. The 
resulting pellet was resuspended in 0.1 ml 
tris-edetic acid containing 1% sodium 
lauryl sulfate detergent (0.1M NaCl; 
0.025M tris, pH7.4; 0.5% sodium lauryl 
sulfate). Ten-percent to thirty-percent 
glycerol gradients, in tris-edetic acid with 
0.5% sodium lauryl sulfate, were prepared. 
The resuspended pellet was added to the 
gradient and centrifuged for 110 minutes 
at 150,000 g in a rotor at 15 C. The 
gradients were fractionated and counted. 


Reverse Transcriptase Assay 


RNA-dependent DNA polymerase activ- 
ity was tested for in the pooled peak frac- 
tions obtained from the initial ultra centri- 
fugation. After diluting 1:4 with tris-edetic 
acid, 0.85 ml of this material was added to 





the standard reaction mixture that con- 
tained 0.1 ml/0.01% (v/v) nonionic deter- 
gent P-40, 0.02 ml/2% (v/v) B-mercapto- 
ethanol, 0.01 ml each of the three unlabeled 
deoxyribonucleotide triphosphates 
(5 x 10°*M), and 0.01 ml of tritiated 
thymidine 5’-triphosphate (250 uCi/100 wl, 
54 Ci/mmole). The reaction mixtures were 
incubated in a 40 C water bath for the 
indicated times. Incorporation of tritiated 
thymidine 5’-triphosphate into acid-insol- 
uble material was determined on samples 
removed at 0, 0.5, 1, 2, and 4 hours; 0.1 ml of 
bovine serum albumin (2 mg/ml) in 0.1M of 
sodium pyrophosphate was added as a 
carrier and after gentle mixing, 0.05 ml of 
10% sodium lauryl sulfate was added and 
gently mixed. Samples were mixed with 2 
ml of 10% trichloracetic acid in 0.2M 
sodium pyrophosphate and placed on ice 
for 30 minutes, after which they were 
filtered onto Whatman glass filter papers, 
washed twice with 5 ml of 5% trichloracetic 
acid, dried, and counted in a liquid scintil- 
lation spectrometer. 


RESULTS 
Growth of Explanted Tissue 


Cultures were successfully estab- 
lished from the meningioma tissue. 
Cells grew moderately well using the 
described conditions, and were pas- 
saged several times before growth of 
the line discontinued. Following two 
months of culture, the cells grew less 
well, and rounding up and detachment 
of cells from the growth surface was 
observed. 


Isolation of Particles 


Experiments were conducted to 
detect the incorporation of tritiated 
uridine into particles having a density 
similar to type C oncornaviruses. 
Following 48-hour exposure to triti- 
ated uridine, culture fluids were 
removed and prepared for analysis on 
density gradients as described pre- 
viously. Figure 1A represents the 
incorporation of tritiated uridine into 
particles released from untreated 
meningioma cell cultures. Figure 1B 
represents a similar incorporation of 
tritiated uridine in Rous sarcoma 
virus particles. It can be seen in Fig 
1A that the untreated meningioma 
cells released labeled particles with a 
density similar to that of the Rous 
sarcoma virus used as a density refer- 
ence (approximately 1.16 gm/ml, Fig 
1B). 
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Treatment with 5-bromodeoxyuri- 
dine was used in an attempt to 
enhance production of RNA-contain- 
ing virus from the cell cultures. 
Cultures with at least 50% confluency 
were used in all experiments. The 
culture medium was removed and the 
cells gently washed twice with 0.5 ml 
of tris-buffered saline per wash. After 
removal of the second wash, 2 ml of 
culture medium containing 5-bromod- 
eoxyuridine at concentrations rang- 
ing from 40 to 160 ug/ml was added 
to culture plates for 48 hours. The 
results from the experiments using 
different concentrations of 5-bromod- 
eoxyuridine are not shown, since this 
mode of viral induction did not 
enhance the spontaneous release of 
labeled particles banding at the appro- 
priate density. At the higher con- 
centrations of 5-bromodeoxyuridine 
used in these experiments, toxic 
effects to the cell cultures were 
observed. 


Sedimentation Analysis 
of RNA in Isolated Particles 


Experiments were performed to 
analyze the sedimentation of the RNA 
contained in the particles released 
into the growth medium of the menin- 
gioma cells. Particles isolated and 
purified on the sucrose gradients 
shown in Fig 1A were disrupted by 
treatment with sodium lauryl sulfate 
detergent in order to release the RNA. 
The sedimentation analysis was per- 
formed on glycerol gradients, as 
described previously. Figure 2A shows 
that the particles spontaneously re- 
leased from meningioma cell cultures 
contained a tritiated uridine-labeled 
RNA species with a sedimentation 
coefficient of 90S to 95S. Figure 2B 
shows the 70S sedimentation value of 
the RNA isolated from the Rous 
sarcoma virus used as an external 
marker in these experiments. The 
results of the density and sedimenta- 
tion analyses indicated that oncorna- 
virus-like particles were being pro- 
duced by the meningioma cells. 


Reverse Transcriptase Activity 


Reverse transcriptase activity is a 
property of oncornaviruses. We con- 
ducted experiments to determine 
whether such activity was present in 


Arch Neurol—Vol 34, Feb 1977 


-5 = = a WE a 
=” „e. e x Y “ y 


5 
Cc 
.Q 
w 
— 
O 
Q 
O 
g 
Y 
£ 
a 
= 
sit 
A i 
og) 


9-710 M e mng 


25 


€ 


(wudo) uogesodjioou] ƏuipunN-H 


5-10 1 20 25 


Fraction Number 


Fig 2.—Sedimentation analysis of tritiated RNA contained in particles. A, 
RNA from particles isolated from meningioma cells. B, RNA from Rous 


sarcoma virions. 


the meningioma particles. Using the 
reaction described earlier, we were 
unable to detect RNA-directed DNA 
polymerase activity in these particles. 
That our reaction worked was demon- 
strated by the successful detection of 
reverse transcriptase activity in our 
Rous sarcoma virus preparations. One 
possibility for our inability to detect 
the activity in the meningioma parti- 
cles in that either our assay was 
insufficiently sensitive for the small 
number of particles released from 
these cells, or an inhibitor associated 
with meningioma particles was pres- 
ent. Another possibility is that these 
particles contain no reverse transcrip- 
tase activity. 


COMMENT 


Meningiomas are common intra- 
cranial or intraspinal tumors of un- 
known origin arising from tissue that 
is regarded as being neuroectodermal 
in origin.’ Most are benign, as the 
tumor reported here was, both histo- 
logically and clinically. The isolation 
of particles containing high-molec- 
ular-weight RNA from the cells of this 
meningioma growing in culture does 
not implicate these particles etiologi- 
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cally. We are presently planning in 
vitro experiments to test the ability of 
these particles to infect human cells. 

We explored only one of several 
methods used to induce latent virus 
from both cancerous and noncance- 
rous cell cultures. > We did not 
attempt to detect the presence of 
DNA viruses, which have also been 
reported to be associated with menin- 
giomas.'* We had anticipated that it 
would be necessary to use an inducing 
agent such as 5-bromodeoxyuridine, 
and were surprised to discover that 
the meningioma cells discussed here 
produced RNA-containing particles 
with a density similar to that of RNA- 
containing tumor viruses without the 
addition of an inducing agent. 

There are three generally recog- 
nized criteria that characterize RNA 
tumor viruses.‘ The virions have a 
density of 1.15 to 1.19 gm/ml, and 
contain 70S RNA and RNA-directed 
DNA polymerase (reverse transcrip- 
tase) activity. The particles reported — 
here have the appropriate density and 
RNA that sediments at 90S to 95S. We 
are unable to detect reverse transcrip- 
tase activity. Balabanova et al" 
isolated oncornavirus-like particles 
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from a human adenocarcinoma cell 
line. Their particles contained both a 
60S to 70S RNA and a 90S RNA. Al- 
though we have found no clear 
evidence for it, the possibility exists 
that a 70S RNA species may be 
present in our preparation as well, but 
is obscured by the major 90S to 95S 
RNA peak. 

The inability to detect reverse 
transcriptase activity associated with 
the particles released from the cell 
cultures precludes us from definitely 
identifying these particles as oncor- 
naviruses or type C viruses. We had 
only a limited amount of material to 
test, because of the short-term survi- 
val in vitro of the cells, and therefore 
were unable to continue our assays for 
reverse transcriptase after being un- 
able to detect this activity in the orig- 
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inal material. Cuatico et al’ found 
reverse transcriptase activity in 27% 
of meningiomas tested. As they 
pointed out, negative reactions cannot 
be accepted as evidence for the 
absence of this enzyme, as interfer- 
ring reactions may be present. 

The association between viruses 
and human cancer is a complex 
one.'”'® The genome for type C RNA 
viruses may be present in all verte- 
brate cells,“ and spontaneous release 
of these particles has recently been 
reported from normal human fibro- 
blast cells.* In 1936, Vasquez-Lépez 
reported the successful, though seren- 
dipitous, production of a meningeal 
tumor in a chicken following inocula- 
tion with a Rous sarcoma tumor desic- 
cant.'’ He also produced brain tumors 
in chickens using cell-free inocula. If 
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particles isolated from human brain 
tumors can be shown to transform 
human brain tissue in vitro then the 
modified Koch postulates, as sug- 
gested by Johnson and Gibbs for slow 
nervous system infections, will have 
been satisfied. These experiments 
remain to be performed using parti- 
cles similar to the ones described in 
this report. The use of cell culture and 
viral infection remain valuable 
techniques in the investigation of 
central nervous system disease sus- 
pected of being related to an infec- 
tious or transforming agent. 
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Child Neurology 


Anoxic-Ischemic Encephalopathy 


è Although the human brain stem is 
considered relatively invulnerable to is- 
chemic anoxia, evaluation of 16 cases of a 
single acute asphyxial episode either at or 
following birth indicates that such in- 
volvement is a frequent and characteristic 
aspect of anoxic encephalopathy in the 
infant. Ischemic cell change, neuronal 
loss, and nuclear or reticular formation 
gliosis were present in the brain stem of 
all but one infant. At least two topographic 
patterns of anoxic encephalopathy exist: 
(1) a rostrocaudal pattern of decreasing 
vulnerability, with the cerebral cortex 
being most sensitive and the brain stem 
least sensitive, and (2) a pattern of brain 
stem and thalamic damage. Of the two, 
the latter pattern appears to follow most 
acute asphyxial episodes in the human 
neonate and infant. 

(Arch Neurol 34:109-113, 1977) 


he human brain stem has been 

considered by many investiga- 
tors to be relatively invulnerable to 
anoxia, only occasionally being in- 
volved in cerebral ischemia in adults'~* 
and infants.‘ In spite of the paucity 
of reported cases, Brierley and co- 
workers” have stated that brain stem 
damage is common in infants and 
children with anoxic accidents. In 
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in the Human Neonatal Period 


The Significance of Brain Stem Involvement 


Richard W. Leech, MD, Ellsworth C. Alvord, Jr, MD 


order to resolve this apparent contra- 
diction in observations, we have evalu- 
ated the frequency and distribution of 
lesions in the brains of 16 children 
having episodes of anoxia. 

The results of this evaluation have 
suggested why human infants, in 
some instances, recapitulate the top- 
ographical pattern of anoxic-ischemic 
injury found in experimental animals, 
with their consistent brain stem and 
thalamic damage," and, in other 
instances, those patterns usually rec- 
ognized in human adults, with a 
rostrocaudal pattern of selective neu- 
ronal vulnerability.” 


SUBJECTS AND METHODS 


The brains of 16 children with a well- 
defined single asphyxial episode (Table 1) 
were evaluated from available paraffin- 
embedded histologie material for the 
topographic distribution of “anoxic- 
ischemic” alterations and their residua. 
Significant alterations include ischemic 
cell changes (ICC), -° frank necrosis of 
neurons, loss of neurons, and gliosis of 
involved nuclear structures (Table 2). 
Ischemic cell changes and gliosis of the 
brain stem reticular formation were simi- 
larly evaluated. Gliosis of structures, such 
as the subependymal-periaqueductal re- 
gion, raphe, and inferior olives, was not 
included, since these areas may show an 
increasing gliosis with age.” Such gliosis 
may involve structures such as the vestib- 
ular complex and gracile and cuneate 
nuclei, and, in chronic cases, unless the 
gliosis was focally or clearly in excess of 
that seen in age-matched controls, it was 
considered absent for the purposes of this 
study. Also excluded were such features as 
dark neurons and edema. 

Cases rejected included several with 
typical anoxic alterations, but with either 
an inadequate history or other lesions 
superimposed. 

The clinical story was considered impor- 
tant for asphyxia if the diagnosis of anoxic 


encephalopathy had been made within the 
first one to two days of the child’s life, if 
difficulties in the initial resuscitation 
efforts had been recorded, or if there were 
problems such as a prolapsed cord asso- 
ciated with intrauterine distress or requir- 
ing operative intervention, abruptio pla- 
centae, or prolonged labor, associated with 
neonatal distress immediately after birth. 
Unfortunately, although these difficulties 
were adequately recorded, the child’s 
specific cardiorespiratory status was fre- 
quently not recorded. 

All but five of the children had their 
asphyxial episode in the immediate peri- 
natal period. The five exceptions were as 
follows: (1) One 3-month-old infant (pa- 
tient 7) aspirated at 5 weeks of age and 
subsequently died of recurrent pneumonia. 
(2) One 2%%-month-old infant (patient 10) 
was found trapped face down between his 
mattress and crib and died eight hours 
later. (3) A 4-month-old child (patient 13) 
suffered a cardiopulmonary arrest compli- 
cating a bout of acute laryngotracheobron- 
chitis. (4) Another infant (patient 16) was 
considered an example of a “sudden infant 
death syndrome,” which was temporarily 
aborted, with the infant living 20 hours 
after having been found apneic and pulse- 
less in bed. (5) One child (patient 9) who 
experienced a difficult breech delivery, 
further complicated by possible placenta 
previa, was cyanotic and flaccid at birth 
before recovering. There was a vacuolar 
encephalopathy of the brain stem thought 
to be secondary to a suspected aminoacid- 
opathy. 


RESULTS 


The cerebral cortex was variably 
involved in most of the cases. Minor 
patchy or focal cortical neuronal loss 
accounted for most of the alterations. 
One patient showed frank cystic en- 
cephalomalacia of the cortex, and one 
other had sclerotic borderzone or 
watershed-type lesions. Although the 
white matter usually reflected the 
degree of cortical neuronal loss, in two 
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infants (patients 14 and 15) the white The striatum and pallidum were dorsomedial nuclei of the thalamus 
matter damage clearly exceeded that variably involved, but the lateral gen- appeared to be more commonly in- 
observed in the cortex. In patient 15, iculate bodies, when examined, and volved than other areas. The mammil- 
there was extensive necrosis of glial other thalamic nuclei were almost _ lary bodies were necrotic in one 
cells, with clasmatodendrosis of many always involved, showing notable al- patient (No. 9). 
astrocytes throughout the cerebral  terations in 80% and 90% of the cases, Within the brain stem, the inferior 
white matter. respectively. The ventrolateral and colliculi displayed either loss of neu- 
1 FT* 36 mo 36 mo Cyanotic, cord around neck 
3 FT 2 wk 2 wk Prolapsed cord, prolonged intrauterine distress, 
flaccid at birth 
4 ET 1.5 mo 1.5 mo Prolapsed cord, cesarean section, 20 min to 
resuscitate 
5 FT 3 wk 3 wk Occult abruptio placentae, prolonged resuscitation 
6 FT 3.5 mo 3.5 mo Cyanotic at birth, difficult resuscitation 
7 32 wk 3 mo 1.8 mo Aspirated at 5 wk of age, died with recurrent 
pneumonia 
8 FT 1 wk 1 wk Mother heavily sedated for nonprogression of labor 
9 31 wk 10 days 10 days Breech delivery, cyanotic and flaccid, with respira- 





tory distress 






































10 FT 2.5 mo 8 hr Found unconscious face down between mattress 
and crib 
13 FT 4 mo 2 days Aspiration with cardiopulmonary arrest complicating 
acute laryngotracheobronchitis 
14 FT 1 wk 1 wk Difficult labor, midpelvic forceps rotation, 15 min 
apneic period at birth 
* Full-term. 
Table 2.—Anatomic Distributi 
Cerebral White Lateral Geniculate 
Patient Cerebral Cortex Matter Striatum Pallidum Body Thalamus Colliculi 
1 + + 0 0 = + + 
2 + $ + + + + + 
3 + + + + p= + a 
4 + 0 + + = + + 
5 + + + + a + + 
6 + + + + 0 + 0 
7 0 mm 0 0 + + + 
8 + + + 0 ~ $ To 
9 + 0 + 0 + + 0 
10 + 0 0 0 0 f + 
11 + 0 0 + + 0 = 
12 + 0 J + + + + 
13 i 0 £ am SE F 5 a 
14 0 $- 0 0 _ + + 
15 0 + + + — + + 
16 Æ un 0 + + + + 
Subtotals 
= = 7/16 3/16 2/16 1/16 0 1/16 0 
+ 6/16 7/16 8/16 9/16 8/10 14/16 11/13 
Total (+ and +) 13/16 10/16 10/16 10/16 8/10 15/16 11/13 
% + and + 81 63 63 63 80 94 85 


* — signifies not examined; 0, no ischemic cell change (ICC) or gliosis; +, scattered neurons with ICC or focal cortical involvement; +, numerous 
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Fig 1.—Patient 13. Note discoloration and 
necrosis of inferior colliculi, typical of 
acute cases, with less striking involvement 
of oculomotor nuclei. 
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Fig 2.—Patient 13. Lateral geniculate body demonstrates early necrosis. 


rons with gliosis or ICC in 85% of the 
infants (Fig 1). Ischemic cell changes 
were readily apparent within the re- 
ticular formation or nuclear struc- 
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tures, including the third, fourth, 
fifth, seventh, lateral cuneate, and 
vestibular nuclei in the acute cases, as 
well as in those cases surviving the 
anoxic episode less than two weeks. 
Such involvement was grossly visible 
as discoloration (Fig 1 and 2) or as 
sclerosis of the involved structures 
(Fig 3). Necrosis of individual neurons 
was present in those patients surviv- 
ing one to two weeks. Of the chronic 
cases, those patients living one month 
or more after the anoxic episode, only 
two (patients 6 and 15) showed 
obvious neuronal loss of brain stem 
nuclei, reflecting the difficulty of 
evaluating substantial loss of neurons 
in circumscribed nuclei in random 
histologic sections. 

Thus, evidence of brain stem 
involvement, either ICC or gliosis, 
occurred in all but one, or 93%, of the 
infants examined. 

The dentate nucleus, cerebellar cor- 
tex and substantia nigra were vari- 
ably involved. 


COMMENT 


There are at least two topographical 
patterns of anoxic-ischemic altera- 
tions that have been described in the 
central nervous system (Fig 4). In the 
human adult, there is the well-recog- 
nized rostrocaudal pattern of decreas- 
ing vulnerability with the cerebral 
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Fig 3.—Patient 5. Central sclerosis of lateral geniculate body and hippocampal sclerosis 
seen in chronic case, with three weeks survival. 


Fig 4.—Two topographic patterns of anoxic encephalopathy. Left, Only the so-called 
watershed cortical pattern emphasized here, although greater variability expected. 
Right, Note pattern of brain stem and thalamic damage typical of cases presented. 
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cortex (layers 3, 5, and 6), the hippo- 
campus and cerebellar cortex being 
most sensitive; the thalamus, pallidum 
and striatum being variably resistant; 
and the spinal cord being most resis- 
tant.”'" In experimental animals, =" 
there is a more consistent pattern of 
brain stem and thalamic damage. 
From the simple dichotomy of pat- 
terns of injury, some confusion has 
existed as to the relevance of animal 
models to particular human situations. 
Thus, Windle suggested that the 
brain stem pattern in experimental 
animals constituted an accurate model 
for human perinatal damage, whereas 
Myers“ observed that such a model 
failed to coincide with the patterns of 
lesions commonly associated with per- 
inatal injury." 

Brierley and co-workers*'’ have ob- 
served brain stem injury in infants 
and children subjected to cerebral 
ischemia as a result of circulatory 
arrest, hypotension with and without 
hypoxemia, and other factors. Brain 
stem involvement in the adult is 
usually restricted to the substantia 
nigra, inferior colliculi, and inferior 
olives; however, in children, other 
involved structures include the nu- 
cleus of the third nerve, superior olive, 
motor and spinal nuclei of the fifth 
nerve, the vestibular nuclei, nucleus of 
the tractus solitarius, and the nuclei 
gracilis and cuneatus.” 

We want to emphasize the addi- 
tional involvement of the reticular 
formation in acute cases manifested 
by scattered neurons demonstrating 
ICC and in chronic cases by an 
increased gliosis. Similar brain stem 
involvement has been described in 
children having episodes of hypoten- 
sion'* and in neonates without an 
antecedent history of asphyxia." 
These and other studies related to 
hexachlorophene toxicity in the pre- 
mature human and newborn rat'’*! 
clearly suggest that the immature 
brain stem reticular formation may be 
a structure that is relatively suscep- 
tible to anoxia and certain toxins. 

Anoxic-ischemic encephalopathy of 
the human infant and neonate has as 
its anatomic substrate damage to the 
brain stem cranial nuclei and reticular 
formation, thalamus, inferior colliculi, 
hippocampus, and lateral geniculate 
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bodies. Although the observed altera- 
tions correspond to the brain stem 
injury pattern in experimental animal 
models, there is also sufficient cortical 
damage to indicate that such a simple 
model is insufficient. 

Although age is an important factor 
at least partly determining the pat- 
tern of injury,” it is now clear that 
either injury pattern, brain stem or 
cortical, may be produced in a variety 
of ways. Thus, the brain stem injury 
pattern can be produced in fetal 
monkeys of different gestational ages 
by cord compression, in term mon- 
keys by acute total asphyxia,” and in 
adult monkeys by circulatory arrest 
without postarrest hypotension.” The 
cortical injury pattern is seen in term 
fetal monkeys with prolonged partial 
asphyxia” and in adult monkeys with 
circulatory arrest complicated by post- 
arrest hypotension** and by hypoten- 
sion complicated by hypoxemia." 
More recently, Myers?’ has empha- 
sized the role of hypoxia with or 
without acidosis and anoxia in the 
genesis of different patterns of brain 
stem, cerebral cortical, white matter, 
or basal ganglionic damage. 

That asphyxiation may occur under 
a variety of clinically and physiologi- 
cally different situations has resulted 
in slow progress in our understanding 
of a variety of brain lesions, including 
cystic encephalomalacia, cortical lami- 
nar necrosis, ulegyria, status marmo- 
ratus, watershed lesions, and brain 
stem lesions. Even in experimentally 
controlled situations, not all animals 
show the same degree of response. It 
is not surprising that in the human 
situation even greater variability is 
evident. In spite of these difficulties, 
when one compares the foregoing 
experimental situations to this group 
of carefully selected human cases, the 
similarities are more readily evident 
than are the differences. 

Thus, in our opinion, the two most 
critical factors would appear to be 
ischemia and hypotension, which pro- 
duce at least two populations in peri- 
natally damaged human infants. The 
smaller group, such as that described 
here, would appear to have suffered 
their insult in the form of an acute 
asphyxial episode without significant 
supervening hypotension or other 
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physiologic complications such as aci- 
dosis. The brain stem pattern is 
slightly modified to include the thala- 
mus, since we find no evidence to 
suggest that it is secondary to cortical 
involvement. Some hypotension or 
lesser degree ef anoxia with or 
without acidosis could explain the 
variable cortical involvement. 

The larger population of perinatally 
damaged infants must suffer their 
insult as episodes of prolonged partial 
asphyxia complicated by hypotension, 
which produce the cortical injury 
pattern. This group would give rise to 
that group of mentally retarded indi- 
viduals with cortical nodular sclerosis, 
ulegyria, status marmoratus, and 
their variations. 5-3 

Although the clinical situation in 
the human neonate is seldom so clear- 
cut as to reproduce one pattern of 
injury or the other, it is remarkable 
that the two major pathologic pat- 
terns observed could easily reflect the 
two basic physiologic patterns of 
injury. 

We would also draw attention to the 
relatively significant white matter 
damage in two acute cases and the 
paucity of white matter in a chronic 
case, all three showing no significant 
cortical damage. A third pattern, with 
extensive white matter damage, may 
thus exist, but the number of cases is 
small and the etiopathogenesis un- 
clear. 
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Myosin Degeneration 


in a Congenital Myopathy 


Rena Yarom, MD, Yehuda Shapira, MD 


@ In a muscle biopsy specimen from a 
baby girl with hypotonia, there was the 
ultrastructural finding of selective myosin 
degeneration in some myofibers. The 
sarcomeres were either well aligned or 
completely distorted. Excessive glycogen, 
fiber and fibril splitting, and occasional 
aggregates of vesicles were the other 
abnormalities present. 

(Arch Neurol 34:114-115, 1977) 


ltrastructural muscle changes are 
rarely specific enough to be of 
much help in the diagnosis or classifi- 
cation of neuromuscular disorders. 
Occasionally, morphological abnor- 
malities characterize nosological enti- 
ties, as in mitochondrial, nemaline, or 
myotubular myopathies.'' Isolated se- 
lective derangement of myosin myo- 
filaments has not been previously 
described to our knowledge, until this 
report. 


REPORT OF A CASE 


A girl was born in a normal delivery 
after 41 weeks of gestation. Birth weight 
was 3,400 gm. The pregnancy was unevent- 
ful except for proteinuria and hyperten- 
sion in the third trimester, treated with 
low-salt diet only. The neonatal period was 
characterised by poor sucking and swallow- 
ing, requiring nasogastric feeding in the 
first 2 weeks. Generalized hypotonia, poor 
ery, and diminished spontaneous activity 
were noted. For the first 5 months, weight 
gain was slight and she achieved no motor 
milestones, but psychosocial development 
seemed normal. 

At 5 months of age she was thin, with 
small muscle mass, lying in the frog posi- 
tion; she had minimal spontaneous activity. 


Accepted for publication June 15, 1976. 

From the Department of Pathology, Hebrew 
University-Hadassah Medical School (Dr Yarom), 
and the Department of Pediatrics, Hadassah 
Medical School (Dr Shapira). 

Reprint requests to Department of Pathology, 
Hebrew University-Hadassah Medical School, PO 
Box 1172, Jerusalem Israel (Dr Yarom). 


114 Arch Neurol—Vol 34, Feb 1977 


Passive tone was diminished, as evidenced 
by marked head lag, absent traction re- 
sponse, and abnormal vertical and dorsal 
suspension. Tendon reflexes were normal. 
No myotonic response or fasciculations 
were noted. Sensation and cranial nerve 
functions were normal. No dysplastic fea- 
tures were seen except for mild scap- 
tocephaly and bilateral epicanthal folds. 
Head circumference and height were aver- 
age for age, while weight was at the third 
percentile. A muscle biopsy specimen was 
taken at this time. 

There was some improvement in the 
patient’s condition. At 1 year of age she 
was able to roll over from a prone to a 
supine position, or vice versa, and she could 
sit without support. Her weight remained 
below the third percentile, while head and 
height were average for age. 


Laboratory Studies 


Routine laboratory studies and plasma 
levels of amino acids all were normal. Se- 
rology for toxoplasmosis and Kahn- 
Wasserman test were negative. Serum 
glutamic oxaloacetic transaminase level 
was 75 to 85 IU (normal, 5 to 40), and lactic 
dehydrogenase level was 420 IU (normal, 
100 to 220). Creatine phosphokinase and 
aldolase levels were normal twice. Electro- 
myography on two occasions showed a 
normal pattern with no fibrillation poten- 
tials. Electroencephalogram, electroreti- 
nogram, and visual evoked potentials were 
normal. 

Muscle biopsy was performed under 
general anesthesia. The quadriceps was 
exposed and a 1 x 0.3 em strip of muscle 
was tied to a wooden splint, excised, and 
placed in 2.5% glutaraldehyde buffered 
with 0.1M cacodylate. After 30 minutes, the 
tissue was chopped up and returned to the 
fixative for another hour. After postfixa- 
tion in 2% osmic acid and dehydration in 
graded alcohols, the material was em- 
bedded in Epon 812. Semi-thin sections 
were stained with toluidine blue, while 
ultrathin sections were treated with uranyl 
acetate and lead citrate. They were exam- 
ined with an electron microscope. Larger 
pieces of muscle were fixed in formalde- 





hyde solution for light-microscopy. In addi- 
tion to hematoxylin-eosin, several special 
stains were done (van Gieson, PAS + dias- 
tase, phosphotungstic acid-hematoxylin, 
Gomori trichome). No enzyme histochem- 
istry was performed. 


RESULTS 


Light-microscopy demonstrated 
only mild inequality of myofiber 
diameters and some fiber splitting.’ 
In the Epon-embedded l-u sections 
there was variation in myofiber stain- 
ing and cross-striation pattern. After 
recognizing the nature of the abnor- 
mality, a reexamination by light- 
microscopy and special stains revealed 
a number of fibers in which the A 
bands were pale, while the I bands 
transected by the Z lines were dark. 


Fig 1.—Myofiber with thick filament degen- 
eration. Thin filaments and Z lines are 
intact and show good alignment; mito- 
chondria sarcotubules and sarcolemma 
appear normal. In myofiber at top there is 
slight atrophy of myofilaments, excessive 
glycogen, and aggregates of vesicles (see 
inset) ( x 5,000; inset x 15,000). 
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Fig 2.—Z lines are asynchronous and thin filaments overlap each other. In A bands there 
are glycogen-like granules and electron-dense material that are presumablie myosin 
remnants. At top and bottom fibers are fairly normal ( x 28,000). 


At least one in ten fibers in each of 
the eight resin blocks sectioned, as 
well as in the paraffin-embedded 
material, was affected. 

By electron-microscopy (Fig 1 and 
2) the myofibers were well fixed and 
the sarcomeres relaxed. In many areas 
there was excessive deposition of 
glycogen, especially in the interfibril- 
lary and subsarcolemmal regions. Oc- 
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casionally, aggregates of vesicles were 
seen (Fig 1, inset). In some fibers 
there was local or generalized disap- 
pearance of thick filaments. In such 
fibers, the A bands were full of 
glycogen-like granules and some 
matted dark fibrils. Normal triads and 
small mitochondria were frequent. 
The internal architecture varied from 
well preserved to complete disorgani- 


zation of the fibrillar pattern. The 
thin filaments remained abundant 
and transected by Z lines, which some- 
times showed thickening. The nuclei, 
sarcolemma, and sarcotubular system 
showed few pathological features. The 
interstitial tissue appeared rich in 
ground material and collagen fibrils. 


COMMENT 


Myofibrillar abnormalities are com- 
mon in muscle biopsy specimens. The 
changes are usually degenerative and 
constitute a nonspecific response to a 
variety of injuries.’ The Z lines and 
thin filaments are the first and main 
structures involved, and may become 
the target of selective disintegration. 
Thick filament derangements are 
hardly mentioned in reviews or 
reports. We could find no description 
of isolated degeneration or myosin 
synthesis breakdown in human disor- 
ders. There is, however, an experi- 
mental model.“ Myosin filaments were 
absent in about a quarter of myofi- 
bers in chick heart explants when 5- 
bromodeoxyuridine was added to the 
medium. The resulting ultrastructural 
appearance resembled that of our 
case. It is possible that the rarity of 
the change is due to an unusual type 
of injury, or to a limited time of cell 
susceptibility. Perhaps the etiological 
agent acts only at a specific moment 
of contractile protein turnover cycle, 
affecting especially the myosin. 

Myosin filament degeneration may 
be a specific entity within the group 
of congenital myopathies, 


Haviva Orgal gave technical assistance. 
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EEG Correlations With Biochemical 
Abnormalities in Reye Syndrome 


Doris A. Trauner, MD; James J. Stockard, MD; Lawrence Sweetman, PhD 


èe A patient with Reye syndrome was 
studied throughout the course of the 
illness with continuous EEG monitoring, 
and these patterns were correlated with 
serial determinations of serum ammonia 
and short-chain fatty acid concentrations. 
There was high correlation between de- 
gree of EEG abnormality, clinical symp- 
toms, and elevations of the short-chain 
fatty acids, while serum ammonia con- 
centrations correlated poorly with the 
EEG and with the clinical state. 

(Arch Neurol 34:116-118, 1977) 


T he prognostic value of initial elec- 
troencephalographic staging in 
patients with Reye syndrome has 
been discussed by Aoki and Lom- 
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8/4/74 
Comatose, 
apneic, 
areflexic 
Diffuse, low- 
voltage 


Clinical state 


8/5/74* 
Unchanged Continuous 


Unchanged Repetitive 


broso.: However, no correlation has 
yet been made between the EEG and 
certain metabolic abnormalities ob- 
served in this disease. A marked 
organic acidemia has been found in 
these patients,’ and infusion of short- 
chain fatty acids has been shown to 
produce EEG abnormalities in experi- 
mental animals.*' It was therefore of 
interest to correlate continuous EEG 
monitoring in a patient with Reye 
syndrome with the clinical and bio- 
chemical abnormalities throughout 
the course of the disease. 


REPORT OF A CASE 


A 4-month-old girl was admitted to the 
hospital with a one-day history of vomit- 
ing, progressive obtundation, and myo- 
clonic seizure activity associated with 
cyanosis. She had had diarrhea and fever 
six days prior to admission that had 
resolved. On admission the patient was 
comatose, flaccid, and had no cranial nerve 
or muscle stretch reflexes. The blood 
ammonia level was initially 2,750 pg/100 


Clinical Course of Patient With Reye Syndrome 


Date 


8/5/74} 8/6/74 8/9/74 


Unchanged Stuporous 
seizure 

activity 

Unchanged Seizures 
electro- 
graphic 
seizures 


unreactive 


every 2-3 hr, 


ml, and blood glucose level was 30 mg/100 
ml, with a CSF glucose concentration of 10 
mg/100 ml. Treatment consisted of ex- 
change transfusion, peritoneal dialysis, 
and glucose and insulin therapy. The EEG 
was monitored continuously throughout 
hospitalization. Neurologic function grad- 
ually returned and six days after admission 
she was awake, crying, and able to take 
oral feedings. On discharge and at follow- 
up examination 18 months later the patient 
demonstrated a persistent neurologic defi- 
cit characterized by hypotonia and delayed 
developmental milestones. 


METHODS 


Blood ammonia and glucose concentra- 
tions were determined by standard labora- 
tory methods; propionate, isobutyrate, bu- 
tyrate, isovalerate, and valerate were 
determined using a modification of the 
method of Ando et al.’ Electroencephalo- 
graphic data were recorded continuously 
throughout the clinical course from a 10-20 
International System® placement of elec- 
trodes and subjected to power spectral 
analysis using a system described in detail 
elsewhere.’ 


8/10/74 
Awake, crying, 
sucking, purpose- 
ful movement 
Rare seizures, 
reactive 


8/19/74 
Alert, eating well, 
persistent 
hypotonia 
No seizures, 
reactive 


Propionate, uM/liter 


lsobutyrate, »M/liter 
Butyrate, uM/liter 
Isovalerate, »M/liter 
Valerate, uM /liter 


Ammonia, g/100 mi 2,750 
Glucose, mg/100 ml 

*3 AM. 

78 AM. 
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Fig 1.—Correlation between EEG activity and organic acid concentrations. Each column 
consists of vertically compressed power spectra of successive eight-second epochs of 
EEG from right (C4-02) and left (C3-01) centro-occipital channels. Electrical power 
(proportional to square of EEG amplitude) at any given frequency is expressed as peak 
heights. Between 2:30 and 3 am there were no high-frequency epileptiform components, 
only continuous polymorphic 0.25 to 3.0 Hz activity. After exchange transfusion, during 
which organic acidemia worsened but hyperammonemia improved, EEG showed nearly 
continuous seizure activity (indicated by repetitive build-up of high-frequency activity) 
that interrupted only by brief interictal silences. 
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RESULTS 


The correlation between the degree 
of EEG abnormality, the neurologic 
condition, and the serum concentra- 
tions of five short-chain fatty acids is 
summarized in the Table. The first 
EEG, obtained late on the night of 
admission (Aug 4) showed generalized 
5- to 10-vV, 1- to 2-Hz background 
activity with occasional multifocal 
spikes and polyspikes. Several hours 
later, after insulin and glucose thera- 
py and peritoneal dialysis, the blood 
ammonia level had decreased consid- 
erably to 750 wg/100 ml, and blood 
glucose level had stabilized at 125 mg/ 
100 ml. The short-chain fatty acid 
concentrations remained high, how- 
ever, and the EEG was unchanged. 
The patient remained comatose, apne- 
ic, and flaccid, and there were no 
clinical manifestations of seizure ac- 
tivity. 

A two-volume exchange transfusion 
was carried out between 3 AM and 8 AM 
on Aug 5, during which the serum 
concentrations of propionate, isobuty- 
rate, butyrate, and isovalerate tripled 
and serum valerate concentration 
increased by a factor of ten. Despite 
the 40% reduction in blood ammonia 
level during this period, the poly- 
morphic delta pattern present in the 
EEG at the start of the exchange 
transfusion evolved into one of repeti- 
tive high-frequency seizure activity 
that was accompanied clinically by 
facial and extremity myoclonus and 
opisthotonos (Fig 1). The clinical and 
electrographic activity continued into 
the following day (Aug 6) despite 
intravenous phenobarbital, phenytoin, 
diazepam, and gluconate calcium ther- 
apy; during this 24-hour period the 
serum concentrations of short-chain 
fatty acids remained high, with all 
except butyrate showing further in- 
creases. 

By Aug 9 the patient had regained 
normal cephalic and deep tendon 
reflexes, but remained unresponsive 
to all stimuli except deep pain and still 
had intermittent clonic seizures. The 
blood ammonia level had fallen to 
within normal limits (54 »g/100 mł) by 
this time and four of the five 
measured fatty acid levels had also 
decreased, although their serum con- 
centrations remained greatly ele- 
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Fig 2.—Improvement in EEG and neurologic state following improvement in organic 
acidemia. Arrows indicate delivery of standardized somatosensory stimulus, which, on 
Aug 9, does not modify low-voltage delta rhythm but on Aug 10 blocks alpha and theta 
background activity. Calibration marks indicate 25 „V, 1 second. 


vated. The EEG still showed frequent 
electrographic seizure activity (every 
two to three hours) that generalized 
from multiple spike foci; between 
seizures, the EEG background activity 
consisted of low-voltage, low-frequen- 
cy activity that did not show any 
spontaneous fluctuation (cycling) or 
alter with sensory stimulation (Fig 2). 
Over the next 24 hours, a dramatic 
decrease (averaging 47%) in the serum 
concentrations of the five short-chain 
fatty acids occurred, which was asso- 
ciated with marked EEG and neuro- 
logic improvement. On Aug 10 the 
patient was awake, crying, and suck- 
ing, and made purposeful movements. 
There was no further clinical seizure 
activity and only one electrographic 
seizure was recorded within a 12-hour 
period. The EEG background activity 
had increased in amplitude and fre- 
quency from the preceding day and 
now showed sleep cycling and sensory 
reactivity (Fig 2). Interestingly, the 
blood ammonia level had again be- 
come slightly elevated (125 ng/100 ml) 
at this time. Further reduction in 
serum fatty acid concentrations on 
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Aug 19 correlated with further neuro- 
logic and EEG improvement, and the 
patient was alert and seizure-free at 
the time of discharge. 


COMMENT 


Yamada et al“ have observed 14 and 
six cycle-per-second positive spikes in 
patients with Reye syndrome. The age 
range of these patients was 7 to 14 
years. We did not observe this partic- 
ular pattern in the present case. The 
young age of our patient may account 
for this difference in EEG manifesta- 
tions. In Aoki’s and Lombroso’s study 
of the EEG in Reye syndrome,’ the 
authors conclude: “Of the metabolic 
factors studied, blood ammonia was 
more closely correlated with the 
changes of EEG and outcome than 
other indexes.’ The correlation was 
admittedly poor, however, and the 
ammonia level was often highest at its 
initial measurement and subsequently 
fell in some patients despite progres- 
sive EEG and neurologic deteriora- 
tion. Serum concentrations of short- 
chain fatty acids were not measured 
in that study. In our patient, there 


was little correlation between the 
serum ammonia level and the degree 
of EEG abnormality, either in terms 
of the amount of epileptiform activity 
or the grade of disturbance of the 
nonepileptiform background activity 
(using the criteria of Aoki and 
Lombroso’). 

On the other hand, there was close 
correlation between the degree of 
EEG abnormality, as well as the 
severity of neurologic dysfunction, 
and the serum short-chain fatty acid 
levels. This correlation suggests that 
the encephalopathy and associated 
EEG abnormalities of Reye syndrome 
may be at least in part the result of 
organic acid effects on the central 
nervous system, and this would be 
consistent with the experimental evi- 
dence of electroencephalographic al- 
terations following intravenous injec- 
tions of short-chain fatty acids in 
experimental animals.** 

It is hoped that this report will 
stimulate further studies of contin- 
uous EEG monitoring in a series of 
patients with Reye syndrome in order 
to fully study the effects of biochem- 
ical abnormalities on the electroen- 
cephalographic pattern. 


This investigation was supported in part by 
Medical Scientist Training grant PHSG- 
MO719801-676, and by Public Health Service 
grants NS-08962 and HD-04608. William Nyhan, 
PhD, and Reginald Bickford, MB, FRCP, assisted 
in the biochemical and electrophysiologic stud- 
ies. 
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Rigid Spine Syndrome 


A Type I Fiber Myopathy 


Alan R. Seay, MD; Fred A. Ziter, MD; Jack H. Petajan, MD 


è The rigid spine syndrome is an 
unusual disorder characterized by non- 
progressive mild axial and proximal mus- 
cle weakness, flexion contractures of the 
neck and spine, scoliosis, and joint 
contractures. The biopsy specimen from 
the patient described in this report shows 
type I fiber hypotrophy and predomi- 
nance. This contrasts with previous 
reports that describe connective tissue 
proliferation as the major histologic 
abnormality. 

(Arch Neurol 34:119-122, 1977) 


he rigid spine syndrome is charac- 

terized by contracture of the 
neck in extension, limitation of neck 
and trunk flexion, scoliosis, mild joint 
contractures, and mild, diffuse, non- 
progressive muscular weakness. Mus- 
cle biopsy specimens from two of the 
four previously described patients’ 
showed marked perimysial and endo- 
mysial proliferation as the major 
findings, but no fiber type specific 
abnormalities were documented. This 
report presents evidence for a type I 
fiber myopathy as the underlying 
defect in this disorder. 
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REPORT OF A CASE 


An 18-year-old man was referred for 
evaluation of progressive spine and neck 
deformity. He was the product of a normal 
pregnancy and uncomplicated delivery. His 
development proceeded normally until age 
7, when inability to flex the neck became 
apparent. This progressed over the next 
several years and was accompanied by 
increasing limitation of back flexion. By 
age 13 his neck was held in a hyperex- 
tended posture, with the trunk tilted 
rigidly forward so that the arms were 
suspended anterior to the pelvis. Slowly 
increasing scoliosis also became apparent 
at this time. There was no baek or neck 
pain. Extremity strength was unimpaired 
but the patient ran slower than his peers. 
There was no history of bladder dysfunc- 
tion, sensory deficit, recurrent fever, 
arthritis, or skin rash. His parents were 
nonconsanguineous, and there was no 
family history of relatives affected simi- 
larly. 

Examination revealed an intelligent, 
somewhat thin man with back deformity 
(Fig 1). The patient’s resting posture was 
that of partial flexion of the trunk at the 
hips and extension of the neck. His neck 
was hyperextended with contractures of 
neck extensors, thus limiting neek flexion 
and lateral rotation. The thin fibrous ster- 
nocleidomastoids were extremely weak, as 
were other neck flexors. The spine was 
rigid, with flexion possible only at the hips. 
There was some degree of voluntary lateral 
flexion and extension of the spine. A mild 
degree of extremity weakness was de- 
tected, with the proximal muscles some- 
what more involved than the distal and the 


shoulder girdle more affected than the 
pelvic. Deep tendon reflexes were normal 
except for absent biceps jerks. There were 
no spinal percussion tenderness, patholog- 
ical reflexes, or sensory or cerebellar 
abnormalities. Results of cranial nerve 
examination was normal. There were 5° to 
10° flexion contractures of both knees. No 
other joint contractures were noted. 

Radiological examination of the thoracic 
spine revealed a scoliosis of 38°, with the 
apex to the right. Lateral spine x-ray films 
showed absence of the normal lumbar and 
cervical lordosis. No ankylosis or destruc- 
tive lesions were noted. The ECG showed 
mild right axis deviation. Serum creatinine 
phosphokinase level was 16 mU/ml (nor- 
mal, 40 + 20) and aldolase level was 25 
units (normal, 13 to 31). Electromyogram 
(EMG) revealed a left ulnar nerve conduc- 
tion velocity of 63 M/sec. Needle examina- 
tion showed equal involvement of the 
upper and lower extremities with low- 
amplitude, polyphasic action potentials of 
short duration involving the proximal] 
musculature more than the distal, No 
myotonia, irritability, or fibrillation poten- 
tials were seen. Recruitment was increased 
in proportion to effort, with large motor 
unit action potentials recruited at high 
levels of effort. 

A muscle biopsy specimen was taken 
from the left biceps muscle. Modified 
Gomori trichrome stain (Fig 2, left) 
revealed variation of fiber size, and 10% to 
15% of all fibers contained internal nuclei. 
Neither inflammatory cells nor prolifer- 
ation of perimysial or endomysial tissue 
was present. The vessels appeared normal. 
Reduced diphosphopyridine nucleotide 
(Fig 2, center) and adenosine triphospha- 
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Fig 2.—Left, Modified Gomori trichrome stain showin 
Center, Reduced diphosphopyridine nucleotide stain 
triphosphatase at pH 9.4 shows uniform size of type 


COMMENT 


This patient’s peculiar distribution 
of axial muscle weakness and contrac- 
tures does not conform to any recog- 
nized neurogenic or myopathie disor- 
ders. The EMG suggested a disorder 
of muscle fibers rather than a 
neurogenic cause. Although some pa- 
tients with Duchenne muscular dys- 
trophy have contractures of extensor 
muscles of the neck, our patient 
demonstrated none of the character- 
istic genetic, clinical, or laboratory 
features of this disorder, 

The small type I fibers seen in the 
biopsy specimen suggest some speci- 
ficity. Type I fiber hypotrophy is seen 
in several neuromuscular and muscu- 
loskeletal disorders including cerebel- 
lar disease,’ myotonia dystrophica," 
nemaline myopathy,’ centronuclear 
myopathy,** congenital fiber type 
disproportion,” rheumatoid arthri- 
tis, and other rare disorders.*?:*= Our 
patient displayed no cerebellar defi- 
cits. There was no genetic, clinical, or 
electrical evidence of myotonia dys- 
trophica. Histochemical stains of mus- 
cle showed neither nemaline bodies 
nor other structural abnormalities 
except occasional internal nuclei. 
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Fig 3.—Histogram of fiber diameter showed 
type II (closed circles) fibers. Total number 


Roentgenograms did not show abnor- 
malities of the bones or joint. 

In “congenital fiber type dispropor- 
tion” there is type I fiber predomi- 
nance, and the type I fibers are 
smaller than the type II fibers. 
However, in the majority of these 
patients the mean fiber diameter was 
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small type | (open circles) and normal sized 
of fibers, 433. 
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in the normal range for the type I 
fibers, as contrasted with hypertro- 
phic type II fibers’ Our patient’s 
condition differs from those described 
with “congenital fiber type dispropor- 
tion” in the later clinical onset, axial 
distribution of weakness and contrac- 
tures, and in the small size of his type 
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I fibers and normal size of the type I 
fibers. 

Clinically, the patient’s condition 
conforms most closely to that of the 
“rigid spine syndrome” described by 
Dubowitz'* and Dubowitz and 
Brooke.‘ Although they reported on 
four cases, in only two was there 
sufficient data to compare with our 
patient. All patients were males, with 
onset, from infancy to 7 years of age, 
of limited spine flexion, joint contrac- 
tures, mild diffuse muscle weakness, 
and scoliosis. As with one of Dubo- 
witz’s patients, our patient showed 
initial difficulties with maintenance 
of erect head posture and weakness of 
neck flexion. The reason for the 
contractures is not entirely clear. 
Fibrosis may be present in the more 
severely affected axial musculature, 
representing the end stage of this 
myopathic process. 
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No bony abnormalities aside from 
curvature of the spine were seen on 
thoracic spine roentgenograms, and 
serum muscle enzyme levels were 
normal or only slightly elevated. Elec- 
tromyograms showed low-amplitude 
polyphasic potentials of short dura- 
tion. 

Muscle biopsy specimens from the 
patients of Dubowitz were marked by 
proliferation of endomysial and peri- 
mysial connective tissue, although 
fiber size variation, internal nuclei, 
and necrosis and phagocytosis were 
also present. Inflammatory cells and 
histochemical abnormalities were not 
present. The distribution of fiber 
types was normal, and no mention of 
fiber type specific abnormalities was 
made. Our patient’s biopsy specimen 
showing a distinctive fiber type 
abnormality without fibrosis might be 
explained by our study of a muscle in 
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an earlier stage of involvement. The 
full spectrum of muscle involvement 
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known. 

In conclusion, we have presented a 
ease that clinically represents the 
rigid spine syndrome as described by 
Dubowitz. This syndrome appears to 
be a distinct clinical entity character- 
ized by nonprogressive mild axial and 
proximal muscle weakness, flexion 
contractures of the neck and spine, 
scoliosis, and joint contractures. We 
have presented biopsy evidence for a 
type I fiber myopathy without fibro- 
sis as being the underlying defect of 
the clinical syndrome in our patient. 
Identifying other patients with this 
syndrome will aid in delineating the 
full spectrum of clinical and morpho- 
logical abnormalities in this entity. 
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Brief Communications and Clinical Notes 


Reversible Cerebellocerebral Disorder 


in Primary Hemochromatosis 


Naunihal Singh, MD; Sarasvani Rao, MD; Uday N. Bhuyan, MD 


è Reversible cerebellar dysfunction is 
described in a patient with primary 
hemochromatosis. The electroencepha- 
lographic abnormalities initially recorded 
became normal after repeated phleboto- 
mies. Both cerebellar dysfunction and 
electroencephalographic changes were 
present without clinical signs of hepatic 
failure, but may be related to the altered 
hepatic function tests. 

(Arch Neurol 34:123, 1977) 


he common neurological manifes- 
tations associated with primary 
hemochromatosis are hepatic enceph- 
alopathy, peripheral neuropathy, and 
deafness. In this report, we discuss a 
reversible cerebellar involvement. 


REPORT OF A CASE 


In 1969, a 53-year-old man was admitted 
with progressive bronzing of the skin. 
Medical history disclosed that he had had 
polyuria for three years and that his father 
had diabetes mellitus. The patient was 
abstemious. Physical examination showed 
only generalized bronzing of the skin. 

Results of blood chemistry studies and 
liver function tests were normal. Labora- 
tory studies disclosed the following values: 
blood urea nitrogen, 28 mg/100 ml; blood 
glucose tolerance level after fasting, 70 
mg/100 ml; after 30 minutes, 217 mg/100 
ml; after 60 minutes, 250 mg/100 ml; after 
120 minutes, 338 mg/100 ml; serum albu- 
min, 3.1 gm/100 ml; prothrombin time, 16 
seconds; serum iron, 280ug¢/100 ml (normal, 
200); and iron binding capacity, 200ug¢/100 
ml (normal, 300 to 350). The skin biopsy 
specimen showed increased pigmentation 
of the basal layer. Numerous hemosiderin- 


Accepted for publication April 26, 1976. 

From the Department of Neurology, All India 
Institute of Medical Sciences, New Delhi. 

Reprints not available. 


Arch Neurol—Vol 34, Feb 1977 


containing macrophages, strongly positive 
for iron with Berlin blue reaction, were 
present in the dermis and around the sweat 
glands. Percutaneous needle biopsy spec- 
imen of the liver showed cirrhosis, with a 
regenerating nodule surrounded by thick 
bands of fibrosis. The iron pigment in the 
hepatocytes was not increased. 

In January 1975, the patient reported a 
six-month history of slowly progressive 
unsteadiness of gait. Physical examination 
showed slurred speech, intention tremor, 
incoordination of all four extremities, and 
a broad-based gait. Laboratory investiga- 
tions disclosed the following values: serum 
albumin, 2.0 gm/100 ml; serum globulin, 4.8 
gm/100 ml; thymol turbidity, 6 units; 
serum alkaline phosphatase, 34 units; 
serum glutamic oxaloacetic transaminase, 
95 international units (IU)/liter; serum 
glutamic pyruvic transaminase, 75 IU/ 
liter; serum iron, 250u¢/100 ml; and iron 
binding capacity, 220ug¢/100 ml. An electro- 
encephalogram showed loss of normal 
background activity, with predominant 
diffuse 3 to 4 hertz activity of 50uv to 70uv. 
The cerebrospinal fluid (CSF) was normal. 
Pneumoencephalogram showed mild corti- 
cal atrophy, normal ventricular size, and 
absence of cerebellar atrophy. 


COMMENT 


The precise mechanism of this 
patient’s disorder is unknown, al- 
though it directly or indirectly ap- 
peared to be related to the hemochro- 
matosis. Primary hemochromatosis is 
transmitted as an autosomal recessive 
trait and a defect of iron storage, 
often precipitated by alcoholism and 
malnutrition. Secondary hemochro- 
matosis results from excess iron 
intake and blood transfusions. Early 
autopsy reports described patients 
with deafness, cerebellar and pyram- 


idal signs with xanthochromie CSF, 
and hemochromatotic pigmentation 
of the meninges, cerebral cortex, 
olfactory bulbs, cerebellum, pons, and 
the tectum of midbrain. Hemochroma- 
tosis was not proved in these cases, 
and the pigmentation was likely the 
result of recurrent subarachnoid hem- 
orrhage, subsequently called “subpial 
cerebral siderosis,” so as to distin- 
guish it from primary hemochromato- 
sis. The characteristic structures in- 
volved in primary hemochromatosis 
are the area postrema, choroid plexus, 
anterior pituitary, and the pineal 
body. The cerebellum has been found 
normal at autopsy. 

The EEG pattern reported in pri- 
mary hemochromatosis consists of 
diffuse theta and delta activity, as in 
hepatic failure. The reversal of grossly 
abnormal EEG findings to normal in 
this patient, accompanying treat- 
ment, perhaps suggests that both the 
EEG changes and his cerebellar dys- 
function resulted from hepatic en- 
cephalopathy. It seems unlikely that 
the involvement by hemochromatosis 
of areas without a blood-brain barrier 
like area postrema, anterior pituitary, 
choroid plexus, and the pineal body 
could cause these abnormalities. 
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Mobius Syndrome Due to 


Brain Stem Tegmental Necrosis 


Nitin Thakkar, MD; William O’Neil, MD; John Duvally, MD; Charlotte Liu, MD; Mary Ambler, MD 


e Möbius syndrome undoubtedly re- 
sults from a variety of disorders affecting 
central or peripheral portions of appro- 
priate cranial nerves or their target 
muscles. Pathological alterations ob- 
served in cranial nuclei are most often 
viewed as aplastic or dysplastic lesions. 
Two patients with Möbius syndrome with 
associated facial and skeletal malforma- 
tions showed mineralized necrotic foci in 
multiple brain stem nuclei. Prenatal en- 
cephalomalacic lesions represent the 
pathological basis for some cases of con- 
genital static Möbius syndrome. 

(Arch Neurol 34:124-126, 1977) 


e eas receives credit for the 
syndrome of congenital facial 
diplegia initially described by Graefe 
in 1880, and later redefined to include 
either unilateral or bilateral facial and 
lateral gaze palsies.’ A limited number 
of pathological studies in clinically 
recognized cases are recorded. Most 
authors contend that cranial nuclear 
aplasia or primary neuromuscular dis- 
ease is the structural basis for this 
syndrome."? Cases where destructive 
tegmental foci are noted™* have been 
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attributed to parturitional hemor- 
rhagic or necrotic lesions. Norman’ 
recently described two neonatal cases 
of unilateral encephalomalacia in 
cranial nuclei, one associated with 
basilar artery thrombosis. Failure to 
note appropriate clinical signs in those 
infants was attributed to death before 
10 days of age. 

This report describes two infants 
with clinically recognized Möbius syn- 
drome who died prior to 4 months of 
age. In both cases old tegmental 
necrotic foci were demonstrated in 
multiple cranial nuclei. Early identifi- 
eation of the clinical syndrome, asso- 
ciated facial skeletal malformations, 
and histological age of the lesions 
indicate their congenital nature and 
support the premise that intrauterine 
cranial nuclear necrosis may be the 
pathological substrate in some cases 
of Möbius syndrome.” 


PATIENTS AND METHODS 


These children were born at or trans- 
ferred hours after birth to Women and 
Infants Hospital of Rhode Island. All 
neurological evaluations were performed 
by one of us (W. O’N.). In each case death 
occurred suddenly and physicians provid- 
ing postmortem protocols (J. D. and C. L.) 
kindly arranged for detailed neuropatho- 
logical studies. At autopsy brains and 
spinal cord (case 1) were removed and fixed 
in 4% formaldehyde. Sections of paraffin- 
embedded tissue were stained with hema- 
toxylin eosin, Luxol fast blue, von Kossa, 
and prussian blue. 


REPORT OF CASES 


Case 1.—A 3,600-gm boy was born at 40 
weeks’ gestation to a 30-year-old gravida 4, 
para 4 woman. The delivery was by low 
forceps. Apgar score at one minute was 8, 
and at five minutes 9. 

At birth the infant was noted to have a 
weak suck reflex associated with small 
mandible, inability to open the mouth, and 
slightly low-set ears. There were grunting 
respirations with generalized hypotonia 
and bilateral facial and external rectus 
muscle weakness. A diagnosis of Mébius 
syndrome was made. Results of spinal fluid 
and chromosomal studies were normal. 
Despite the above-mentioned findings, the 
infant did well and was discharged on the 
19th day, weighing 4,000 gm. 

At the age of 2 months the infant was 
found unresponsive at home, and was dead 
on arrival at the hospital. Postmortem 
examination showed aspiration of gastric 
contents with severe pulmonary edema, 
congestion, and aspiration pneumonitis. 

Gross examination of brain (525 gm) 
showed no external anomalies. Abducens 
nerves were bilaterally absent; left seventh 
and eighth nerves were atrophic; all other 
cranial nerves were identified. Coronal 
sections of brain showed mild symmetrical 
ventricular dilation. Thalamic and pallidal 
nuclei were poorly demarcated and firm. 
The floor of fourth ventricle was irregular 
with loss of facial colliculi and focal brown- 
ish discoloration in pontine and medullary 
tegmentum. Microscopical examination 
showed no cell loss or necrosis in cerebral 
eortex or basal nuclei. Posterior limbs of 
internal capsule bilaterally were composed 
of discrete bundles of unmyelinated axons 
showing malorientation and extension into 
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Fig 1.—Level of abducens nucleus (case 1). Note the paramedian disorganization of 
cellular pattern, multifocal mineral deposits, and prominent vessels with perivascular 
retraction (hematoxylin-eosin, original magnification x 12.5). 





Fig 2.—Circumscribed necrotic focus with mineralized debris surrounded by glial nuclei 
and fibers (case 2). Three normal neurons are observed in the left margin (hematoxylin- 
eosin, original magnification x 160). 
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lateral thalamic nuclei. Areas of cell loss, 
reactive gliosis, and masses of mineralized 
debris staining positively for calcium were 
found throughout lower pontine tegmen- 
tum (Fig 1). Lesions were bilateral and 
asymmetrical with virtual total cell loss in 
abducens nuclei. Smaller necrotic foci and 
incomplete cell loss or degeneration were 
found in facial, trigeminal, and vestibular 
nuclei. The right hypoglossal and vagal 
nuclei showed approximately 50% cell loss 
with gliosis but no necrosis or mineral de- 
posits. No inflammatory reaction was seen. 
Subependymal vessels were often dilated 
with perivascular retraction and fibrosis, 
but vascular occlusions were not seen. 
Spinal cord was grossly and histologically 
normal. 

Case 2.—A male infant was born to a 26- 
year-old gravida 2, para 2 mother of a 
pregnancy 36 weeks duration. Birth weight 
was 2280 gm. He was noted to have defec- 
tive development of the right rib cage with 
paradoxical movement of the chest wall, 
and a right hand deformity. Because of 
respiratory distress, he was transferred to 
Women and Infants Hospital of Rhode 
Island. 

Admission examination revealed good 
color and a weak ery. Significant physical 
findings included absence of anterior 
portion of right third, fourth, and fifth 
ribs, absent right pectoral muscle, hypo- 
plastic right nipple, and absence of second 
and third phalanges of second, third, and 
fourth fingers of the right hand (Poland 
anomaly). He did well except for cyanotic 
spells while feeding. Suck reflex was 
described as good. A barium swallow 
showed no tracheoesophageal fistula. On 
gavage feeding he remained stable, and he 
was discharged on the 28rd day. 

At age 2’ months, neurological evalua- 
tion showed an alert, sociable baby with 
occasional laughter. Head circumference 
was 37.5 cm (normal). He had a small 
tongue and small immovable jaw. Poor root 
and suck reflexes were noted. Cranial 
nerve examination showed bilateral VI and 
VII nerve palsies. Pupil reflexes and 
corneal reflexes were normal. No tongue 
fissures were seen. Gag response was 
absent. Sternoclavicular and trapezius 
muscle were intact. He responded poorly to 
noise. Apart from Poland anomaly, results 
of motor examination was unremarkable 
except for generalized hypotonia. Barium 
reflux during swallowing was noted. At 
age 3⁄2 months he died suddenly of respira- 
tory arrest. The postmortem examination 
showed bronchopneumonia, probably due 
to aspiration. 

Gross brain showed no external anoma- 
lies. Sixth nerves were not visualized, but 
other cranial nerves were all present. Left 
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seventh nerve was atrophic. Cross- 
sectioned brain was unremarkable. The 
floor of the fourth ventricle was irregular, 
with focal discoloration of tegmentum, 
from midpontine to medullary levels and 
loss of facial collicular eminences. Left 
medullary hemiatrophy was evident. 

Microscopical examination showed mal- 
orientation and lateral thalamic impinge- 
ment of unmyelinated fibers of the de- 
scending internal capsules. 

Focal mineral deposits in brain stem 
nuclei, identical to those in case 1 (Fig 2), 
were bilateral, asymmetrical, and maximal 
at facial colliculi. Rostral extension to the 
motor trigeminal nuclear level was noted. 
Extrapial cranial nerve roots of all but 
sixth nerves were identified and contained 
myelinated axons, although nerve atrophy 
and cellular reaction were present. Intra- 
parenchymal nerve segments, particularly 
of facial and abducens nerves, were diffi- 
cult to trace. The spinal cord was not avail- 
able to study. 


COMMENT 

Möbius syndrome is described as 
both a static or progressive syn- 
drome. There has been considerable 
speculation as to the primary lesion 
responsible in individual cases. Patho- 
logical studies are few, and cases 
showing brain stem necrotic foci are 
generally dismissed as lesions ac- 
quired during parturitional trau- 
ow." 

The cases described in this report 
show old necrotic foci with mineral 
deposits involving multiple cranial 
nuclei or intraparenchymal nerve seg- 
ments. In each case, bilateral but 
asymmetrical involvement is maximal 
at facial collicular areas but extends 
from midpontine to rostral medullary 
levels. Failure to visualize sixth nerve 
roots is attributed to severe cell loss in 
abducens nuclei, whereas traumatic 
avulsion is considered unlikely. Iden- 
tification of atrophic cranial nerve 
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roots of other functionally impaired 
nerves argues against primary nu- 
clear aplasia and is compatible with 
the lesser degree of damage observed 
in other cranial nuclei or intraparen- 
chymal nerve segments. 

Extracranial peripheral nerve and 
muscle were neither electrically nor 
pathologically examined; however, al- 
terations suggestive of both denerva- 
tion and myopathy might be antic- 
ipated and explicable solely by the 
demonstrable central lesions.’ 

The nature of the necrotic lesions 
shown here is uncertain. Encephalo- 
malacie foci with mineral deposition 
may represent either old ischemic* or 
infectious lesions. No arterial or 
venous occlusions are noted. Infec- 
tious paraventricular lesions are rare- 
ly limited to brain stem, and no 
residual inflammatory cells are ob- 
served. 

The vulnerability of immature 
brain stem and spinal cord in circula- 
tory disorders resulting in symme- 
trical or asymmetrical nuclear necro- 
sis has been previously published.*"’ 
Although neither gestational nor par- 
turitional crises were recorded in 
these case histories, documentation of 
such events is sometimes difficult to 
obtain. The character of the lesions 
and early clinical signs of brain stem 
dysfunction, however, favor prenatal 
origin. 

Associated congenital malforma- 
tions including micrognathia, absence 
of muscles particularly of the pectoral 
group, and limb anomalies are noted 
in some cases of Möbius syndrome,” 
but have received little pathological 
attention. A recent report" analyzing 
ten case histories with Poland anoma- 
ly identified a high frequency of adop- 
tion, attempted abortion, or unwanted 
pregnancy, suggesting that intra- 
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uterine manipulation resulting in hy- 
poxia or exposure to toxin was a 
contributing factor. 

Möbius syndrome most likely re- 
sults from a variety of disorders af- 
fecting brain stem, cranial nuclei, 
peripheral nerves or muscles. Intra- 
uterine injury with brain stem teg- 
mental necrotic lesions represents the 
pathological basis for some cases of 
static Möbius syndrome. A similar 
mechanism may explain a variety of 
associated malformations. 
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Historical Notes on Hemispheric Dominance 


Arthur L. Benton, PhD 


e The evolution of knowledge of hemi- 
spheric cerebral dominance is sketched 
and some possible reasons for the rela- 
tively late recognition of asymmetry In 
hemispheric function are considered. The 
early clinical contributions pointing to the 
distinctive functional properties of the 
right hemisphere are described. 

(Arch Neurol 34:127-129, 1977) 

If I forget thee, O Jerusalem, 
let my right hand lose her skill; 
Let my tongue cleave to the roof of my 
mouth, ; 
if I remember thee not. 
` PsaLtms 137 


n the face of it, the sorrowful exile 
7 has described right hemiplegia 
and aphasia. Was he aware of a 


_ specific association between the two 


disabilities? If so, he was unique; for 
neither before his time nor for almost 
a score of centuries after it was this 
relationship explicitly recognized. The 
simultaneous occurrence of these two 
consequences of cerebral disease must 
have been observed by physicians in 
thousands of patients; yet its meaning 
eluded the grasp of even such astute 
clinician-pathologists as Giovanni 
Battista ` Morgagni, Jean-Baptiste 
Bouillaud, and ‘Gabriel Andral. The 
sections on apoplexy. and paralysis in 
Morgagni’s Seats and Causes of Dis- 
ease’ include seven descriptions. of 
hemiplegia with loss of speech; in six 
cases the paralysis was on the right 
side of the body. But Morgagni was 
primarily concerned with validating 
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_the doctrine of contralateral innerva- 


tion, and was content to poirt out that 
autopsy study. was consistent in 
showing the causative cerebral lesion 
to be opposite in side zo the paraly- 
sis, o; 

Bouillaud? amassed evidence in his 
Traité Clinique et Ph-ysiologique de 
UEncéphalite to suppor: the thesis of 
Franz Josef Gall that the seat of 
language was in the frontal lobes. 
Twenty-five of Bouillaud’s reported 


_ patients had lesions confined to a 


single hemisphere; of these, 73% of 
patients with left hemisphere lesions 
were aphasic, but only 29% of those 
with right hemisphere lesions were 
aphasic. Preoccupied with his desper- 
ate attempt to implicate the frontal 
lobes in every case, he failed to note 


_ the bias toward involvement of the 


left hemisphere in his material. 

In his Clinique Mécicalz, Andral* 
addressed himself to this question of 
whether speech disturbances showed a 
specific association with frontal lobe 
disease. His analysis o? the available 
literature as well as or his own case 


reports led him to the sober conclusion: 


that “loss of speech is rot a necessary 
result of lesions of the anterior lobes 
and, furthermore, it can occur in cases 
in which anatomical investigation 
shows no changes in thase lobes.” The 
fact that eight of the nine aphasic 
patients whom he had observed per- 
sonally proved to have lesions of the 
left hemisphere (while the remaining 
patient showed bilateral disease) es- 
eaped his attention. | 

No doubt a number of factors 


. contributed to this failure to grasp 


what seems today to be a fairly 
obvious relationship. For the most 


part, no distinctions among various 
types of speech impairment were 
made, ard the terms “aphonia” and 
“alalia” were used by different au- 
thors to cover not only aphasic disor- 
ders but also such diverse defects as 
mutism, loss of voice, disturbances in 


- articulation, and even stammering. 


The circumstance that cerebellar and 
brain stem disease can cause some of 
these types of speech impairment may 
have hac the effect of obscuring the 
more specific association. In addition, 
the doctrine of contralateral innerva- 
tion, with its emphasis on the crossing 
of - nerv2’ tracts and its implicit 
assumption that the two cerebral 
hemispheres are mirror images of 
each other, acted to draw attention 
away frcm possible qualitative differ- 
ences in hemispheric function. Most 
important, the gross morphologic 
identity of the two hemispheres must 
have fostered the quite reasonable 
assumption that they had identical 
functions. 

As everyone knows, the concept of 


hemispheric cerebral dominance arose 


out of Broca’s' discovery of an appar- 
ent association between motor aspha- 
sia and disease of the posterior left 
frontal lobe. Directly after a meeting 
in Paris in 1861 at which the question 
of the relationship of the frontal lobes 
to language once again had been 
discussed, he had the opportunity to 
make actopsy studies on two aphasic 
patients on his service; both proved to 
have les‘ons in the third frontal gyrus 
of the left hemisphere. Initially, Broca 
interpreted: his findings simply - as 
supporting the Gall-Bouillaud thesis. 
By 1863 he had accumulated eight 
aphasic patients with lesions in the 
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third frontal gyrus of the left hemi- 
sphere, as well as one nonaphasic 
patient with extensive disease of the 
third frontal gyrus of the right hemi- 
sphere. He noted the constant associa- 
` tion between left hemisphere disease 
and language disorder, but was nev- 
ertheless not yet willing to offer a 
generalization: “I do not attempt to 
make a conclusion and I await new 
findings.’” Finally, in 1865, no doubt 


spurred by the circumstance that — 


other observers were about to formu- 
late the doctrine of left hemisphere 
dominance for language, he pro- 
claimed his famous dictum, “we speak 
with the left hemisphere.’”* . Shortly 
afterwards, both Broca and other clin- 
ical observers added an Important 
qualification: left hemisphere repre- 
sentation for speech held only for 
right-handed persons; in left-handers, 
the right hemisphere appeared. to be 
dominant. 

The confirmation of Broca’s discov- 
ery led to a revolution in physiological 
and medical thought. From a physio- 
logic standpoint, the reality of cortical 
localization of function was estab- 


lished and this provided the impetus 
for the major experimental research | 


programs of the 1870s and 1880s, such 
as those undertaken by David Fer- 
rier’ and Hermann Munk." From a 
medical standpoint, aphasia was 
transformed from a minor curiosity to 
an important sign of focal brain 
disease. Clinicopathological studies 
designed to identify the cortical corre- 
lates of motor and sensory disabilities 
soon followed and were quite fruitful, 
as the reviews of the period indi- 
cate. 

For some decades the concept of left 
hemisphere dominance was applied 
only to language functions. However, 
with the work of Liepmann"* on 
apraxia, Marie“ and Head on the 
conceptual disabilities shown by 


aphasic patients, and Gerstmann"™ on 


disturbances of the body schema, the 
concept was extended to cover other 
significant aspects of mentation. This 
extension fostered the idea that the 
left hemisphere was the “major” 
hemisphere, insofar as the mediation 
of human cognitive function was 
concerned. Conversely, the right 
hemisphere was regarded as the “mi- 
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nor” hemisphere, substantial regions 
of it often being designated as “si- 
lent” areas with no obvious functional 
significance. i 
Nevertheless, during this whole 
period, a few clinicians argued against 
the concept of an exclusive dominance 
of the left hemisphere and, at the 
same time, expressed the belief that 
the right hemisphere also possessed 


distinctive functional properties. The - 


great pioneer in this movement to 
give the right hemisphere its due was 
John Hughlings Jackson. In 1864, 
al a time when Broca’s localization of 
speech function in the left hemisphere 
was still regarded as a likely hypoth- 
esis rather than securely established 
fact, he made the following prophetic 
statement: E 

If, then, it should be proved by wider 
evidence that the faculty of expression 
resides in one hemisphere, there is no 
absurdity in raising the question as to 


.whether perception—its corresponding op- 


posite—may not be seated in the other.” 


Ten years later, in an article entitled 
“On the Nature of the Duality of the 
Brain,’ he developed the idea further, 
expressing his belief that the poste- 
rior area of the right hemisphere 
played a crucial role in subserving 
visual recognition and visual memo- 
ry.’ In his characteristically modest 
fashion, he conceded that there was no 
strong evidence for the generaliza- 
tion. However, two years later, he was 
more sure of his ground when he 
published a case report describing a 
patient with a tumor in the temporo- 
occipital region of the right hemi- 
sphere: 

I diagnosed tumour, and tumour of the 
right posterior lobe, I may here remark, 
from the following facts—the kind of 
mental defect and from its preceding the 
hemiplegia, from the hemiplegia being 
left-sided, and. because the arm suffered 
less than the leg.” 

The “kind of mental defect” shown 
by Jackson’s patient consisted in 
visual disorientation, facial agnosia, 
and dyspraxia for dressing. Hearken- 
ing back to the idea he expressed in 
1864, he designated this constellation 
of disabilities “imperception” and he 
argued that it was as specifically char- 
acteristic of disease of the posterior 
right hemisphere as impairment in 


propositional speech was of disease of 
the anterior left hemisphere. More- 
over, Jackson was not willing to grant 
the left hemisphere. exclusive domi- 
nance over speech and language and 
he assigned automatic arid emotional 
speech to the right hemisphere.?! 

Jackson’s iGeas about the distinc- 
tive role of the right hemisphere in 
mediating visual perception and mem- 
ory were not generally accepted. Even 
his admirer, David Ferrier, who readi- 
ly acknowledged Jackson’s influence 
on his own thinking, viewed them as 
only “hypotheses deserving considera- 
tion and further investigation. "SPU 
Instead, the prevailing opinion among 
neurologists and ophthalmologists 
was that disturbances in visual per- 
ception and orientation reflected bi- 
lateral. parietooccipital disease. 

However, from time to time, this 
view was challenged by clinicians who 
were impressed by the frequency with 
which disturbances in visual orienta- 
tion occurred in patients with disease 
of the right hemisphere. The most 
outspoken of them was the Philadel- 
phia ophthalmologist, Thomas D. 
Dunn, who postulated the existence of 
“a centre (which may, for conve- 
nience, be named the geographic 
centre) on the right side of the brain 
for the record of the optical mages of 
locality, analogous to the region of 
Broca for that of speech on the left 
side in right-handed persons”?! 

In the early decades of the 20th 
century, other voices were heard that 
directly or indirectly ascribed signifi- 
cant functional properties to the right 
hemisphere. The German neurologist 
Rieger“ and ais pupil, Reichardt,” 
postulated the existence of two dis- 
tinct cerebral mechanisms, one sub- 
serving verba:-conceptual functions 
and located in the left hemisphere, the 
other subserving  spatial-practical 
thought and located in the posterior 
right hemisphere. It is evident that 
their idea was rather similar to that 


earlier expressed by Jackson and at 


the same time foreshadowed the 
current emphasis on hemisphere spe- 
clalization and mode of thinking.**** 
Another line of evidence suggesting ` 
the possibility that the right hemi- 
sphere possesses distinctive function- 
al properties was initiated by Babin- 
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ski’ g7" description” ot anosoginosia” in 
the form of unawareness of: left hemi-. 
plegia. As he* and other: clinicians”: _ 
= observed. further cases showing, an- 


‘apparently specifie association - be- 


tween this defect of-awareñess. and ` 
right hemisphere diseäse, ‘they were, 

lèd to raise the. question: ‘of whether.a 

‘center for’ the | integration of ey ee 
_ sensory information and somesthetic ` 

” memory: images might not exist i in 1 the ” 

right hemisphere. . 


tt 


con- 
structional apraxia” appeared tc occur 


with. impressively high frequency in ; 


patients. with right -hémisphere diş- , 

ease. The-French neurologist, Dide,” 

“went a step further and formulated a" | 
“syndrome of, the right parietal area,’ 


the. cardinal features of. which. were ` 


spatial disorientation, constructional ` 
apraxia, the anosognosia ‘of Babinski, 
and certain types of sensory. and: 


'. motor impairment. Simildrly; Russell ` 


Brain™ reached the conelusion that - 


‘some deficits such as visual disorien-*". Loe 


` tation and anosognosia “are seen 
exclusively or almost exclusivaly as.a 
result of lesions. in ‘he right: hemi- 


“sphere.” s+.. | 


-These ; other: scattered contribu.’ 
tions seem to have had little impact on- 
neurologic thinking about hemispher-— 
ic cerebral dominance, and their chia 
<, cations were not reflected i in the text-. 
books of ‘the period.. To. be’ sure), the 
` evidence that they brought forth in 
favor of the concept that the right © 
hemispheré.. had its own ‘distinctive 
functional ‘properties. was not. very 


convincing. .A few. ease reports .de:* ` 


scribing patients with right: hemi-. 
‘sphere “disease | ‘who, showed visual. 
disorientation, facial agnosia, or con- 


l structional apraxia had to be balanced ` 


“against the larger number. of patients .. 


sphere. disease who. showed ‘the’ samé’. 
deficits. "Thus, for most. neurologists, 
“hemispheric’ cerebral dominance” 

meant the dominance of the left. hemi- 
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..., Stronger evidence of right ‘hemisphere 
> “dominance” for certain: types of 
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Moya-Moya Disease in Black Adults 


P. Ziki Makoyo, MD; A. M. Rapoport, MD; R. J. Fleming, MD 


@ We describe two instances of Moya- 
Moya disease in black adults. Little is 
known concerning the origin of this 
disease. Currently, there is no effective 
treatment. 

(Arch Neurol 34:130, 1977) 


Moo disease was first de- 
seribed in the Japanese litera- 
ture in 1956. A review of the literature 
has not disclosed.any cases of Moya- 
Moya disease in black adults. 


REPORT OF CASES 


Case 1.-A 40-year-old hypertensive 
black woman was admitted with a right 
central facial paralysis, a right hemiparesis 
and hemisensory deficit, and a right-sided 
Babinski sign. Laboratory data showed 
normal CSF. 

An aortic arch and bilateral- carotid 
angiography showed decreased caliber of 
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both internal carotid arteries at the level of 
the siphons and bilateral occlusions of the 
middle cerebral arteries at their origin 
from the supraclinoid internal carotid 
arteries, with marked increase of both 
Jenticulostriate groups and. hypertrophy of 
the middle meningeal branches of both 
external carotid systems. There was a mass 
of perforating vessels in the base of the 
brain. Collaterals had formed between the 
internal carotid system and ‘branches of 


the external carotid, including the ophthal- | 


mic artery and middle meningezl artery. 
The greatest amount of contrast medium 
was localized in a nonhomogenous hazy 
formation between the anterior and middle 
cerebral arteries, consisting of a collection 
of torturous and disorganized small blood 


‘vessels. 


Casr' 2.-A 42-year-old nonhyperténsive 
black man was admitted .with intractable 
headache associated with drowsiness, vom- 
iting, and 3+ nucal rigidity without focal 
neurological deficit. Lumbar puncture con- 
firmed subarachnoid bleeding. Carotid an- 
giography showed similar findings as 
described in case 2. 


COMMENT 


Suzuki and Takaku’ first named 
this disorder “Moya-Moya,” which is 
the Japanese word for something 
hazy, like a puff of smoke, referring to 
the appearance of the dilated tortu- 
rous vessels at the base of the brain on 


angiography. Hoare and Keogh? noted’ 
that .the clinical course in. those 
patients whose first symptoms occur 
in childhood is different from those in 
whom symptoms developed in adult 
life. . | 
There is no known effective treat- 
ment for Moya-Moya disease. Several 
attempts have been made using cere- 
bral vasodilators with apparent im- 
provement, but long-term prognosis is 
unknown.’ a 
The origin of Moya-Moya disease is 
unknown: Most investigators believe 
that it is a progressive arterial disease . 
of unknown origin. Others believe 


that it is congenital in that cases have 
‘been. reported in siblings. Others 


maintain that the disease has a multi- 
factorial origin and is not-a single 
disease entity but a group of diseases 
in which the norma: circulation via the 
circle of Willis is occluded. Therefore, 
other collaterals develop, and their - 
appearance is the same regardless of 
the origin of the occlusion. ' 
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Glioblastoma Multiforme 


To the Editor.—In a recent issue of the 
ARCHIVES (33:494, 1976), Drs Shapiro 
and Young recommended that pa- 
tients with glioblastoma multiforme 
“have a major resection followed by a 
combination of chemotherapy with 


carmustine and vincristine plus radio- © 


therapy.” Unfortunately, the combi- 
nation of carmustine and vincristine 


sulfate has little to recommend it | 


either in logic or in fact. 

The Brain Tumor Study Group 
(BTSG) has shown that postoperative 
radiotherapy significantly prolongs 
survival in patients with glioblastoma 
multiforme.'? However, the data from 


both the. BTSG and the Mayo Clinic: 


group? have failed to show any signif- 
icant difference in the length of 
survival time between patients who 
received postoperative radiotherapy 
plus chemotherapy vs thcse who 
received radiotherapy alone. The ob- 
jective evidence that routine postoper- 
ative chemotherapy with lomustine or 
carmustine contributes to patient sur- 
vival or well-being is weak. Shapiro 
and Young provide no new mean- 
ingful data to show whether or not 
chemotherapy adds to the value of 
radiotherapy. , 

It is particularly surprising to see 
vincristine recommended in combina- 
tion with carmustine. Vincristine has 
shown little promise in the-treatment 
of glioblastoma multiforme. As a 
Single agent, vincristine has been 
consistently ineffective against a va- 
riety of experimental animal brain 
tumor models** and against glioblas- 
toma multiforme in man. Others have 
already shown that the combination of 
vincristine plus lomustine was no 
better than lomustine alone.” Even 
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acute lymphoblastic leukemia, which 
is extremely sensitive to vincristine 
therapy, shows no response to this 
drug when the tumor cells have 
invaded the meninges. 

Further controlled and prospective 
studies are needed to find effective 
therapies for glioblastoma multi- 
forme. The recommendation of car- 
mustine plus vincristine is a step in 
the wrong direction. 


Howarp D. Weiss, MD 
Department of Neurology 
Massachusetts General Hospital 
Boston, MA 02114 


i. Walker MD, Weiss HD: Chemotherapy in 
the treatment of malignant brain tumors, in 
Friedlander WJ (ed): Advances in Neurology. 
New York, Raven Press, val 13, pp 149-191. 

2. Posner JB, Shapiro WK: Brain tumor: 
Current status of treatment and complications. 
Arch Neurol 32:781-784, 1975. 

3. Reagan TJ, Bisel HI, Childs DS, et al: 


' Controlled study of CCNU and radiotherapy in 


malignant astrocytoma. J Meurosurg 44:186-190), 
1976. i 

4. Geran RI, Congleton GF, Dudeck LE, et al: 
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model for: screening potential antineoplastic 
agents. Can Chem Rep 4:53-87, 1974. 

5. Shapiro WK: Studies on the chemotherapy 
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6. Fewer D, Wilson CB, Boldrey EB, et al: The | 


chemotherapy of brain tumors: Clinical experi- 
ence with carmustine and vincristine. JAMA 
222:549-552, 1972, 


In Reply.—Although we agree that 
further controlled and prospective 
studies are needed in the search for 
improved treatment of malignant 
brain tumors, recent additional evi- 
dence supports our contention that the 
nitrosoureas are valuable in such ther- 
apy. Walker and strike’ have now 
reported a median survival time.of 51 
weeks in patients zreated with both 


Cai 


radiation therapy and carmustine in a 


-recent BTSG protocol. Furthermore, 


even in the previous protocol, in which 
carmustine failed to increase signifi- 
cantly the median survival time over 
that obtained with radiation therapy 
alone, 23% of the patients who 
received both modes of treatment 
survived 18 months, while only 5% of 
those receiving radiation therapy 
withou: carmustine survived as long.’ 
With respect to lomustine, results in 
our recent studies? differ from those 
of the Mayo Clinic group.’ We 
combined lomustine on a twice- 
monthly schedule with procarbazine 
and vincristine and obtained a median 
survival time of 51 weeks in our 
patients. This figure was significantly 
better than the median survival time 
of the combined groups (85%) in our 
reported carmustine study.’ The pro- 
jected 18 month survival in the lomus- 
tine-procarbazine-vincristine study is 
25%. The ease with vincristine is less 
clear. It was part of each of our proto- 


` cols, out we did not evaluate the 


nitrosoureas separately. The data of 
Fewer et al were not collected from a 


‘prospective study and are therefore of 


limited value. The BTSG studies of 
earmustine without vincristine do 
suggest that it is the nitrosourea that 
is effective. 

= Thus, these data, as well as the 


extensive literature on phase II trials 


with carmustine, support the recom- 
mencation that those patients with 
glioblastoma multiforme not other- 


wise in prospective studies deserve 


adjunctive therapy with a nitrosourea. 
This recommendation is not a “step in 
the wrong direction,” but on the 
contrary represents an appropriate 
advancement in the management of 
this invariably terminal disease, an 
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advancement that should be made 
available to all patients. 


WILLIAM R. SHAPIRO, MD 

Department of Neurology 

Memorial Sloan-Kettering Cancer 
Center 

1275 New York Ave 

New York, NY 10021 
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CT Scan and the Practice of © 
Neurology 


To the Editor._The introduction of 
the computerized tomographic (CT) 
scan in neurologic practice has added 
an important and valuable diagnostic 
tool to our armamentarium. Numer- 
ous papers are appearing in its praise; 
indeed a new journal entirely devoted 
to this new procedure is being 
published. No one doubts that the CT 
will revolutionize our diagnostic ap- 
proach to intracranial pathology. 

In all this enthusiasm, very few 
have called attention to the very 
serious threat posed by the uncon- 
trolled utilization of this procedure to 
- the education and training aspects of 
neurology, as well as to the health and 
welfare of patients. How frequently 
does the family practitioner get a 
sense of false security about his head- 
ache or seizure patient when told that 
the CT scan is normal? How often is 
the CT substituted for a history and 
neurologic examination? How many 
patients are told that the CT scan will 
save them the expense of a neurologic 
consultation, when in fact they pay 
more? Is the CT scan indeed better in 
the detection of early lesions than the 


EEG? How frequently is a CT scan 
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showing cortical atrophy accepted as 
the definitive test in lieu of a 
dementia work-up? Is it reducing the 
cost of health care, or adding to it? All 
these questions, and others, must 
cross the mind of the clinical neurol- 
ogist who is concerned about me- 
chano-diagnosis replacing his skill and 
experience in the diagnosis and man- 
agement of neurologic disease, and 
the neurologic teacher who sees 
students and house officers opt for the 
CT scan instead of the more tradi- 
tional approach. 

There are now enough centers 
where the accumulated experience 
with the CT scan over the past two or 
three years can provide the answers to 
these questions. I believe that the 
ARCHIVES OF NEUROLOGY would render 
an important service to neurologists 
and their patients by soliciting papers 
from various centers or groups able 
and willing to shed some light on these 
important problems. l 


C. M. Poser, MD 

Dept of Neurology- 

Med Center Hospital of Vermont 
Univ of Vermont 

Burlington, VT 05401 


Dr Poser’s letter raises very serious 
questions about the current use of cranial 
computerized tomography. We will be 
pleased to receive papers relevant to the 
questions that he has asked as well as 
contributions important to the application 
of CT in the diagnosis of various entities. 
Your letters on this subject will be 
welcome— ED. $ 


- Acute Renal Failure 


To the Editor.—The recent =eries of 
four cases of acute renal failure as a 
complication of cerebral angiography 


‘reported by Adornato and Winestock 


(Arch Neurol 33:687, 1976) necessi- 
tates critical (and hopefully construc- 
tive) comments. The reported volumes 
of contrast material used in angiogra- 
phy, particularly in patients with 
known preexisting renal disease, are 
excessive. Certainly, technical diffi- 
culties will arise in older persons with 
extreme vessel tortuosity, and-cathe- 
terization via the femoral route may 
be difficult if not impossible. The 


utilization of 106 ml of diatrizoate 


meglumine for right common carotid 
angiography is almost ten times the 
amount needed for any single injec- 
tion. It has been the custom of many 


neuroradiologists for years to limit. 


the amount of contrast agent used in 
direct carotid angiography to a maxi- 
mum of 50 ml (total of right and left 
injections) at any one examination. 
Further, if possible, the total amount 
of contrast material should be limited 
to 3 ml/kg. 


The usage of 220 ml of contrast - 


medium to perform a “carotid, verte- 
bral, and aortic arch angiogram with- 
out incident” raises the question of 
what volumes of contrast material are 
being- injected on each examination, 
and one wonders whether these vol- 


umes might not be drastically reduced | 


even including test doses for localiza- 
tion of the position of the tip of the 
catheter. Procedures on the second 
and third patients were performed 
utilizing 240 ml and 300 ml of diatri- 
zoate meglumine, respectively. It was 


stated that the procedures were diffi- , 


cult because of tortuous vessels neces- 
sitating a large volume of contrast 
medium, probably for catheter place- 
ment and localization. It is our belief 
that a much simpler procedure should 
have been attempted when it was 
obvious that vascular tortuosity would 
make a rapid and easily performed 
catheter approach very difficult. In 
performing large numbers of angio- 
graphic procedures, it is extremely 
helpful to be able to perform direct 
puncture examinations as related pro- 
cedures to catheter studies. It would 
appear in the cases recorded that a 
suitable alternative to prolonged cath- 


eter examination with large levels of 


contrast material would have been 
retrograde brachial examination, di- 
rect carotid puncture, or even an 
approach from the axillae with a small 
catheter. In more than 7,000 angio- 
graphic examinations in a 600-bed 
hospital over the past ten years, we 
have never approached the large 
volumes of contrast material in our 
cerebral studies that were reportedly 


administered in these four patients. 


We believe it is important to bring 
this out in a clinical journal and to 
recommend alternative methods of 
vascular examination other than pro- 
longed attempts at catheterization. 


D. P. Cottey, MD 
Dept of Radiology 
The Christ Hospital 
Cincinnati, OH 45219 


1. Taveras JM, Wood EH: Diagnostic Neurora- 


diology, ed 2. Baltimore, The Williams & Wilkins 


Co, 1976, pp 568-569, 
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In Reply.—We agree with Dr. Colley’s 
view that excessive amounts of con- 
trast medium are implicated in the 
toxicity we report, and we concu that 
in selected cases, in the hands cf an 
experienced operator, that direct ca- 


rotid or brachial artery studies may be 


preferable to prolonged femoral cath- 
eterizations. 

However, he may be oversimpli- 
fying the clinical situation. The pre- 
cise dosage at which one should 
abandon the femoral approach and 
attempt a more direct route is not as 
clear as suggested by Dr Colley. Many 
neuroradiologists in present practice 
recommend the femoral route ini- 


tially, especially in elderly patients. 


with suggested vascular disease! to 
avoid the complications of direct 
carotid puncture.2* To study angio- 
graphically both common carotic ar- 
teries, a vertebral artery, and the 
aortic arch in two projections requires 
at least 160 ml of contrast material for 
the filming sequences alone, an 
amount exceeding that used in ore of 
our reported cases. Catheter place- 
ment requires additional contrast me- 
dium, which in the presence of vascu- 
lar tortuosity may become excessive. 

So although we agree that contrast 
medium dosage should be kept to a 
minimum and that the majority of 
cases we reported had unusually large 
amounts of contrast media, we dis- 
agree that avoidance of combined 
risks is a simple matter and we 
suspect that less severe degrees of 
nephrotoxicity may occur more com- 
monly than presently recognized. The 
knowledge of potential renal toxicity 
adds another factor in deciding the 
route and contrast dosage in cerebral 
angiographic study. 


B.T. Apornato, MD 
Med Neurology Branch 
NINCDS 

Bethesda, MD 20014 

D. Wingestock, MD 

Dept of Radiology 

Univ of California 

San Francisco, CA 94143 
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Severely Brain Damaged 


To the Kdater.—Professor Jennett’s 
editorial, “Resource Allocation for the 


Severely Brain Damaged” (Arch Neu- 
rol 33:595, 1976), is very timely. I 
would like only to make one point. I 
have found it helpful in dealing with 
this problem, for instance in the case 
of a wife, to tell the husband, “Your 
wife is dead. This is only her body. Jt 
can be kept alive indefinitely by arti- 
ficial means, but I am sure this is not 
wkat she would have wanted.” 


W. J. GARDNER, MD 
Cleveland Clinic 
9500 Euclid Ave 
Cleveland, OH 44106 


Myokymia | 


To the Editor.—The report by Medina 
et al (Arch Neurol 33:587, 1976) of 
myokymia resulting from peripheral 
nerve injury merits further comment. 
I have never been confident of a qual- 
itative distinction between fascicula- 
tion and myokymia. If cne acknowl- 
edges that they possess scme essential 
cheracteristics in commen, and thus 
might represent different parts of a 
spectrum of involuntary motor unit 
activity, then a better example to indi- 
cate a peripheral origin o? such motor 
unit activity is the case reported by 
Harvey and Kuffer’ in waich fascicu- 
lation activity occurred after complete 
nerve transection was verified surgi- 
cally. 


The case described by Medina and 


co-workers contains an unknown fac- 
tor: the integrity of the spinal cord. 
Why should myokymia have occurred 
in that patient when in thousands of 
comparable nerve injuries there is no 
such motor unit activity? Perhaps 
their patient had unusual irritation of 
sensory fibers, which zaused dis- 
charge of spinal motor neurons; or 
perhaps normal sensory afferents dis- 
charged into an area of the spinal cord 
affected subclinically by a prior, 
benign lesion such as a small angio- 
ma. 


F. H. Norris, JR, MD 

The Institutes of Medical 
Sciences 

San Franciscc, CA 94120 


1. Harvey AM, Kuffler SW: Synchronization 
of spontaneous activity in denervated human 
muscle. Arch Neurol Psychiasry 52:495-497, 
1944. 


In Reply.—Since the introduction of 
the term “myokymia” by Schultze’ in 
1895, there has been some confusion 
about its use and distinction from 
fasciculation. Dr Norris does not seem 
to distinguish myokymia from fascic- 
ulation; but we agree with most 
authors? that there are clinical and 
electromyographic -differences. Fas- 


ciculations are spontaneous, brief con- 


tractions cf isolated bundles of muscle 
fibers and these appear in the electro- 
myograms as single normal or abnor- 
mal motor unit potentials.” Myoky- 
mias are spontaneous, slow, undulat- 
ing contractions of broad strips of 
muscle and the electromyographic 
pattern is characterized by prolonged 
bursts of motor unit potentials or 
regular repetitive groups of poten- 
tials.’ 

Certainly, fasciculations are ocea- 
sionally seen in peripheral nerve 
lesions, but our patient’s clinical and 
electromyographic findings are those 
of myokymia. 

In response to the question of 
unknown factor in the spinal cord as 
raised by Dr Norris, we would like to` 
direct his attention to the following 
sentence in our article: “In our 
patient, myokymia disappeared dur- 
ing sleep and spinal anesthesia, point- 
ing to participation of the central 
nervous system in the production of 
myokymia.” However, we do not have 
any other clinical or laboratory data 
that would allow us to speculate about 
the exact mechanism of the central 
contributicn. 

Finally, we cannot adequately an- 
swer the question why our patient had 
myokymia when thousands of others 
with similér injuries had not. We can 
only say that this is a common 
dilemma in many conditions in medi- 
cine. l 

J. L. MEDINA, MD 

S. CHOKROVERTY, MBBS, MRCP 
M. G. REYEs, MD 

Neurology Service 

Hines VA Hospital 

Hines, IL 60141 
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_ thors state 
medium was injected by the fontannel . 


Book Reviews 


_ Paediatric Neuroradiology, by Kurt Decker and 
Herbert Backmund, 184 pp, 345 illus, $32.50, 


Thieme Edition/ Publishing Sciences Group Ine, 


1975. 

There is a need for a survey book on 
pédiatric neuroradiology. However, on 
the basis of the following criticisms, 
this book is probably not it. 

There is no single chapter on devel- 
opmental anomalies; instead, the au- 
thor has listed midline developmental 
disturbances under the chapter “Epi- 
leptiform Seizures and Brain Dam- 
age.” As a separate chapter, he has 
- “Various Neuropsychiatric Diseases,” 
which includes microcephaly, cranio- 
stenosis, achondroplasia, and brain 
abscess. This means he has develop- 
mental conditions lumped together 


with inflammatory disease and finally - 


cerebral degenerative diseases. 

The section entitled “Techniques” 
includes the statement “during the 
. first few months, the artery must be 
surgically exposed.” This is certainly 
not true in major American centers 
where percutaneous catheterization is 
‘almost always possible. The author 
lists direct carotid puncture as being 
on equal terms with femoral artery 
catheterization. Certainly in the 
United States femoral-cerebral cathe- 
terization has taken complete domi- 
nance over any attempt to percuta- 
neously puncture the carotid artery in 
the neck. There is no chapter or 
comment on computerized. tomogra- 
‘phy. No textbook today can be consid- 
ered complete without it. 

In the section concerning positive 
contrast ventriculography,. the au- 
“in infants the contrast 


puncture.” In the United States, injec- 
. tion through a reservoir in a ventricu- 
loatrial or ventriculoperitoneal shunt 
would be much more advisable. Trans- 
cerebral ventricular puncture is much 
frowned on because of its late epilep- 
togenic complications. The section on 


radiological observations of the devel- . 
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opment of the fetus described under 


“Principles of Neurological Investiga- 
tion in Children” shows a very helpful 
series of fetal roentgenograms trac- 
ing the development of the- bony 


structures of the skull and spine, the 


arterial development, and the venous 
development. Fetal angiography 
shows excellent visualization of the 
cervical-cerebral vessels. 

The chapter entitled “Normal Vari- 
ants” gives random observations on 


. calcification within the skull, persis- 


tent basilar-carotid anastomosis, and 
ventriculography. It is not a well 
organized approach toward ‘develop- 
mental anatomy in the newborn or. 
infant. The chapter, “Brain. Tumors,” 
takes a more traditional approach to 
space-occupying lesions, with the clas- 
sification based. on location at the 
base, the posterior fossa, and supra- 
tentorial lesions. 

At no time is any subject. taken up 
in great depth; rather, the book is 


definitely a survey of pediatric neuro- | 


radiology. In the chapter entitled 
“Hydrocephalus,” there is no method- 
ical conceptual development--of the 


‘nature of hydrocephalus. There is no 
‘mention of the associated changes of 


myelomeningocele, spinal dysrha- 
phism; Chiari malformation is men- 


. tioned in only one short paragraph. 


The stages of pneumoencephalog- 
raphy are not described in any me- 
thodical way. 

The developmental midline distur- 


bances are listed under the section 


“Epileptiform Seizures ` and’ Brain 


‘Damage.” It would have been more 
‘logical to categorize all the develop- 


mental anomalies under one section in 


_.a methodical fashion. Chromosomal 


abnormalities are listed under the 
chapter entitled, “Seizures,” while 
“rarer syndromes” are listed under 
“Various Neuropsychiatric Diseases.” 
The neuroectodermal dysplasias are 
listed under the “Malformations Po- 


tentially Neoplastic” section under 
“Various Neuropsychiatric Diseases.” 
It seems more logical to have placed 
them in the chapter on a a 
anatomy. 

The chapter “Injuries to the Skull, 
Brain and Spinal Cord” is reasonable 


and thoughtful. Under “Diseases of 


the Spine,” there is no discussion of 
spinal dysrhaphism with tethered cord 
and its relationship to myelomeningo- 

cele. No good examples of dys- 

rhaphism studied by gas myelography 

are shown. Rather, cases shown are 

studied mainly by oily contrast me- 

dium, and they are quite limited. The. 
bibliography i is quite adequate for any 

overview in pediatric neuroradiolog- 

ical topics. Tre index seems somewhat 

short. 

Generally, the quality of the roent- 
genograms are quite good, but few are 
subtracted. They do have arrows on 
points of interest. 

As has been: pointed out above, the 
book has not addressed itself to the 
latest techniques used in the United . 
States. It has significant limitations 
in organization. There are some 
significant omissions. Certainly, the - 
indications are .that the European 
approach is at least moderately differ- 
ent than the American approach to 
the pediatric neuroradiological prob- 
lem. A textbook on “Pediatric Neuro- 


- radiology” written by Dr Derek Har- 


wood-Nash will soon be on the market. 
On the basis of his writings and 
earlier work, this should be a much 
superior book and will presumably 


-,deal with the same subjects in more 


depth. 

The book under discussion can at 
best be recommended as a kind of 
“approach” to pediatric neuroradiol- 
ogy. It could be of limited help to 
neurological clinicians and to néurora- . 
diologists. a 
EDWARD R. Heinz, MD 
Pittsburgh 
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News and Comment 


2nd Joint Stroke Conference.—The 
2nd Joint Stroke Conference, spon- 
sored by the Stroke Council of the 
American Heart Association, the 
American Association of Neurological 
Surgeons, the Canadian Stroke Socie- 
ty, and The Society for Vascular 


Surgery, will be held at the Sheraton- ~ 


Four Ambassadors Hotel in Miami, 
Fla, on Feb 25-26, 1977. 


Robert -A. Utterback Memorial Lec- 
ture—A. L. Sahs, MD, Professor 
Emeritus of Neurology at the Univer- 
sity of Iowa delivered the first annual 
Robert A. Utterback Memorial Lec- 
ture, entitled “Management of the 
Stroke Patient,” at the University of 
Tennessee Center for the Health 
Sciences on Nov 17, 1976. 


Wisconsin Neurosurgical Society 
Elects Officers.—-The Wisconsin Neuro- 
surgical Society recently elected the 
following officers for 1976-1977: 
Glenn A. Meyer, MD, Milwaukee, 
President; Allan B. Levin, MD, Madi- 
son, President-Elect; Hiro Nishioka, 
MD, Green Bay, Vice President; and 
William F. Bingham, MD, La Crosse, 
Secretary-Treasurer. 


Symposium on Diagnostic Radiology 


and Nuclear Medicine.—The Johns 


Hopkins Medical Institutions is spon- 
soring its fifth annual symposium on 
“Practical Advances in Diagnostic 
Radiology and Nuclear Medicine” on 
April 12 through 15, 1977. The course 
will consist 'of formal lectures, quiz 
sessions, and symposia. This program 
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is approved for 32 hours of category I 
AMA credit. For information, contact 
Dr Stanley S. Siegelman, Department 


of Radiology, The Johns Hopkins 


Hospital, Baltimore, MD 21205. 


In-Service Training and Self-Assess- 
ment Examination in Neurology.—The 
fourth In-Service Training and Self- 
Assessment Examination in‘ Neurol- 


ogy will be given throughout the: 


United States and.Canada on Satur- 
day, May 21, 1977. The examination 
will consist of approximately 480 
multiple-choice questions, utilizing 
the format of the National Board of 
Medical Examiners, and will cover the 
following areas: (1) clinical neurology, 
(2) pediatric neurology, (3) neuroanat- 
omy, (4) neuropathology, (5)neuro- 
pharmacology, (6) neurophysiology 
(including KEG and EMG), and (7) 


neuroradiology. The examination will . 


be given at centers with neurology 
training programs. The examination 
is thorough and clinically relevant. 
House. officers, faculty, and practi- 
tioners in neurology and related fields 
are invited to take the examination on 
this date at a designated neurologic 
training center. Results of the exami- 


. nation will be provided only to the 


individual taking the examination. 
Anonymity will be preserved. An 
additional feature following this ex- 
amination will be the provision of the 
“key word” report to each individual 
listing the area covered in each ques- 
tion answered incorrectly. l 
Cost of the examination will be $40 
for house officers and $55 for others. 
A $5 Advance Registration Discount 
will apply- on all applications received 
on or before March 25, 1977. For addi- 
tional information, including alist of 
participating centers, and a applica- 
tion form, write to Mr Stanley A. 
Nelson, Executive Director, American 


? 


Academy of Neurology, 4015 W 65th 
St, Suite 302A, Minneapolis, MN 
55435. 


New Officers of the Southern EEG 
Society.—Recently elected officers of 
the Southern EEG Society are Presi- 
dent, Helio Lemmi, MD; President- 
Elect, Neil Brown, MD; Secretary- 
Treasurer, Mary Andriola, MD. 


New Diplomates of the American 
Board of Psychiatry and Neurology.— 
The following were certified by the 
Board after its examinations in Chica- 
go on Oct 18 and 19, 1976. 


Neurology 
Anthony, James J., MD 
Cincinnati ý 
Afroz, Mehr, MD 
St Louis ee 
Al-Kawi, Muhammad Z., MD > 
Houston, TX 
Anderson,.David C., MD 
St Paul : 
Aptman, Michael, MD 
San Antonio, TX 
Barnes, John E., MD 
Los Altos, CA 
Barron, Stephen A., MD 
Eggertsville, NY 
Bartleson, John D., Jr, MD 
Ft Knox, KY 
Bender, Adam N., MD 
New York 
Berke, Jay P., MD 
Killeen, TX `>. 
Bernstein, Richard B., MD 
Ft Sill, OK 
Boal, Dinkar R.,.MD 
Lexington, KY | 
Bosch, Erich P., MD 
Iowa City. 
Brilman, Jon, MD 
Pittsburgh 
Bryan, Thomas B., MD 
Washington, DC 
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Buckthal, Paul E., MD 
Sayre, PA 

Burgum, David L., MD 
Houston 

Buscemi, Jon H., MD 
Denver 

Cabin, Ralph V., MD 
Clarksvill e, TN 


Calderon,’ Eduar do F., MD | 


Toledo, OH 

Collins, Robert C., MD 
University City, MO 

Daniel, Britt T., MD 
Temple, TX 

Davis, Michael J., MD 
Miami 


- Delaney, John F., MD 


Pittsburgh 


de Leon, Guillermo A., MD 


Abington, PA 

De Witt, John D., DO 
Tulsa, OK 

Drayer, Burton P., MD 
Pittsburgh 

Fitzgerald, David A., MD 
Lake Bluff, IL 

Fox, Robert A., MD 
San Pablo, CA 

Fuenzalida, Sergio A., MD- 
Los Angeles 

Gaddis, Kenneth A., MD 

- Shreveport, LA 

Gerwin, Robert D., MD 
Bethesda, MD 

Graciaa, Guido F., MD 
Milledgeville, GA 

Graulich, Kenneth B., MD 
Lexington, KY 

Greene, Hamp H., II; MD 
Montgomery, AL 

Greenlee, John E., MD 
Charlottesville, VA 

Griffith, Patrick A., MD 

_ Bellevue, NE 

Hambrook, George W., MD 
Rockford, IL 

Helfrich, John S., MD 
Champaign, IL a 

Henry, Bertram R., MD 
Knoxville, TN 

Herbstein, Diego J., MD 
New York 

Hershkowitz, Leonard, MD 
Houston 

Hochman, M. Seth, MD 
Miami 

Hoffman, David E., MD 
Kenmore, NY 


= Hopkins, Linton C., MD 


_ Atlanta 


' Hughes, Arthur L., MD 


Cincinnati 
Hull, Richard P., MD 
Huntsville, AL 
Jablecki, Charles K., MD 
La Jolla, CA 
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- Kaufman, David M., 


Josephson, David A,MD | 


Indianapolis 

Kao, Yu-Song, MD 
Mountaintop, PA 

Kathpal, Gurbachan S., MD 
Carnegie, PA ° 

MD 
Bronx, NY 

Kaufman, Michael D., MD 
Atlanta 

Keichian, Andres H., MD 
Iowa City i 

Kilgore, Manley W., II, MB 
Jacksonville, FL 

Kiser, J efferson B., Jr, MD 

Ft Bragg, NC 

Komotar, Ana, MD 
Tenafly, NJ 


- Liang, Maria, MD 


Pittsburgh 
Le Brun, Yves A., MD 
Scarsdale, NY 
Lorente, Lorenzo, MD 
Houston 
McCoyd, Kevin, MD 
Great Lakes, IL 
MeDowell, James R., MD 
Olympia, WA 


< MeLean, John M., MD 


Peoria, IL. 

McPartlin, Thomas H., MD 
St Paul 

Mahmud, M. Zafar, MD 

_ Warren, MI 

Marcus, Donald J., MD 
Augusta, GA 

Martin, Raymond A., MD 
Rochester, MN 

Masdeu, Jose C., 
Oak Park, IL 

Massey, E. Wayne, MD 
Rockville, MD 

Mayersdorf, Assa, MD 
Minneapolis 

Mishra, Shri Kant, MD 
Jackson, MS 

Moalli, Daniel E., MD 
New London, CT 

Mogelof, Jeffrey S., MD 
Albany, NY 

Morrel, Roger M., MD 
Houston 

Nadel, Alan M., MD 
Memphis 


MD 


Nagpaul, Amarjeet S., MD — 


Cineinnati 
Neuman, Leslie À., MD 
Grand Rapids, MI 
Noran, Steven F., MD 
Edina, MN 


- Q, Tae-Yo, MD 


Omaha 
Oshtory, Meherji A., MD 
= Stockton, CA 
Palmer, Maria A., MD 
New Orleans 
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Palmer, Richard D., MD 
New Orleans . 

Panszi, Jose G., MD 

- Muncie, IN ; 

Patel, Vinod N., MD 
Topeka, KS 


' Poulose, Kuttikall P., MD 


Levenworth, KS 
Racy, Anis, MD 
Washington, DC 
Ramos, Baltazar, Jr, MD 
San Antonio, TX 
Reiser, Howard B., MD 
Huntington, NY 
Ristow, George E., DO 
Detroit 
Robin, Joseph J., MD 
San Antonio, TX 
Roos, Raymond P., MD 
Flossmoor, IL 
Rosenthal, Neil P., MD 
Tarzana, CA 
Rottenberg, David A., MD 
New York 
Rubenstein, Richard A., MD 
San Francisco 


“Sabow, John D., MD © 


Rapid City, SD 
Saltis, Lawrence M., MD. 
Akron, OH 


i Schapiro, Randall T., MD 


Minneapolis 

Schaul, Neil 5., MD 
Montreal 

Schimpff, Robert, DO 
Gainesville, FL 

Schlecter, Bruce M., MD: 
Coconut Grove, FL 

Schreiber, David J., MD 
St Louis 

Seckel, Brooke R., MD 
Boston . 

Shack, Michael J., MD 
Escondido, CA 

Shumate, Jack B., Jr, MD 
Ocean Springs, MS 

Snider, Stuart R., MD 

~ New York 

Spruill, James H., Jr, MD 
Jackson, TN 

Stafford, Calvin R., MD © 
Springfield, PA 

Stein, Michael J., DO 
W Des Moines, [A 

Stokes, Henry B., MD 
Guatemala City 

Tennebaum, Bruce M., MD 
Minneapolis 

Thach, William T., Jr, MD 
St Louis 

Thal, Leon J., MD 
Mamaroneck, NY 

Tindall, Suzie ©., MD 
Atlanta 

Tolosa, Eduardo S., MD 
Minneapolis 


Valdez, Sandra S., MD 


New York 

Vatz, Kenneth A., MD 
Wilmette, IL 

Wahl, Gerald F., MD 
Salinas, CA ` , 

Weinberger, Jesse, MD 
Jacksonville, FL | 

Weisman, Richard A., MD 
Pittsburgh 

Westbrook, Edward L., MD 
Cleveland Heights, OH 

Wienir, Michael, MD 
Woodland Hills, CA, 

Willmore, Luther J., Jr, MD 
Gainesville, FL 

Wilson, Richard, MD 
Rochester, MN 

Woodfin, William 5., MD 
Dallas 

Zeitlin, Earl L., MD 
Ft Gordon, GA 


- Zwibel, Howard L., MD 


Miami 
Zwiebel, Felix, MD 
Pensacola, FL 


Child Neurology - 


Cresley, Carl J., MD 
Syracuse, NY 


_ Crumrine, Patricia K., MD 


Pittsburgh 

Dodson, William E., MD 
St Lonis 

Dooling, Elizabeth C., MD 
Boston 

Farris, William A., MD 
Dallas 

Tobar, Fabio tenani MD 
Houston l 

Frens, David B., MD 
Overland, MO 

Garg, Bhuwan P., MD 
St Louis 

Iannaccone, Susan T., MD 
New Orleans 

Kalavsky, Steven M., MD 
Youngstown, OH 

Lansky, Lester L., MD 
Overland Park, KS 


©- Paramesh-Waran, S., MD 


New York ` 
Pardo, Lillian G., MD 
Prairie Village, KS 
Pollack, Michael A., MD 
Bronx, NY 
Sker, Phyllis K., MD 
Hollywood, FL 
Srnith, J. Baldwin, MD 
Winston Salem, NC 
Tallapragada, R., MD . 
Smithtown, NY - 
Tardo, Carmela L., MD 
New Orleans 
Wyche, Norvil, MD 
Detroit 
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4 SEL ISA n 
` TO GIVE UNSELFISHLY 
TO CEREBRAL 


rT 





It's easy to smile when baby is healthy. 


1. The baby saved from cerebral 
palsy could be yours. 

Your baby picked a fine time to be 
born. Through research, a baby’s 
chances of havi ing cerebral palsy are 
smaller than ever. 

Smaller, but too big. Doctors find 
some form of cerebral palsy in | out of 
200 newborns. 

Do all you can to make sure you 
have a healthy baby. Ask your local 
United Cerebral Palsy association for 
the free pamphlet, “Dos & don'ts for 
the most important 9 months in life.” 

Give to pay for research that fights 
cerebral palsy. Think what your 
money buys. 


2. Cutting a $1.3 billion loss. 
Cerebral palsy robs more than 
bodies and minds. It robs money, too. 


For a financial statement write United Cerebral Palsy Assns.. Inc. 66E. 3 


Dennis Hallinan/ FPG 


The loss in productivity is about 
$1.3 billion a year. Another $1.6 bil- 
fon a year goes to help people who 
have cerebral palsy. 
It is impossible to say how much 


you gain when these costs come down. 


Determination made Harold Yuker a professor- 
determination, and help trom United Cerebral Palsy. 
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All the same, you do gain. The ship 
rows easier when all hands are pulling. 


3. It's good to know you're not just 
spinning wheels. 

Did you ever have the feeling the 
money you give doesn't change any- 
thing? 

Feel satisfied. In the case of cerebral 
palsy, change ts real. 

For example, research led to a vac- 
cine that prevents rubella (German 
measles). This was a breakthrough, 
since pregnant women exposed to 
rubella run an unusually high risk of 
having a baby with cerebral palsy. 

Today the problem is gone. It will 
stay gone, as long as parents make sure 
their children get the rubella vaccine. 





cre enlarged 





Research defeated the rubella 
240,000 times. 


4. A tax deduction even the I.R.S. 
can love. 

When you give to United Cerebral 
Palsy, the government smiles on you 
with a tax deduction. 

Take advantage of this. Give unself- 
ishly to your local United Cerebral 
Palsy association. 

Then collect (with a smile of your 
own) when you file your 
tax return. 


United Cerebral Palsy |S G) 


ith St.. N.Y.. N.Y. 10016, or the State Boarc Vefare. Office Tower. Empire State Plaza. Albany, N.Y. 10023 


The mapping 


. a 


Specific vascular changes are revealed by liquid crystallography 


- Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack. Liquid crystals allow differences in skin temperature to be “mapped” directly on the subject. 
Variations, in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
offer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

help relieve the accompanying gastrointestinal irritability. And 
the patient’s nervous tension, perhaps a precipitating factor in 
the onset of an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U.S.P., (Warning : May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 
U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.(Warning: May be habit forming) 60 mg.: 
tartaric acid, N.F., malic acid, lactose, U.S.P., and theobroma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attack or 
10 per week), Recta//y—One suppository as early as possible in attack: 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 

control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Before prescribing, see package insert 
for full product information. 


Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ -+531 
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oral narcoti@y 
analgesic with 


all these features: 


Dilaudid provides dosage 


flexibility: 1 mg, 2 mg, 3mg, 4 my 


4 dosage strengths to meet the 
wide range of individual patient 
tolerances 


Dilaudid keeps nausea, 
vomiting and drowsiness to a 
minimum 


Dilaudid acts rapidly and pain 


is often controlled for more 
than five hours 


Dilaudid allows most patients 


to remain physically active 
and alert 


Dilaudid is color coded 
Easy identification | 
Easy patient handling 


Dilaudid is a single entity drug 


Description: Dilaudid is hydromorphone, a 
hydrogenated ketone of morphine. 

Indications: For relief of moderate to severe pain. 
Contraindications: Suspected increased 
intracranial pressure; status asthmaticus. 
Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-anaigesic 
doses. Tolerance may also occur. As with all 
narcotics, use in early pregnancy only when 
expected benefits outweigh risks. 

Adverse Effects: Nausea, vomiting, diarrhea, 
constipation, anorexia and somnolence may occur 
although unlikely with appropriate dose selection. 
Dosage and Administration: Dosage must be 
individualized. The usual adult dose is 2 mg every 


hydromorphone HCG 


For the moderate to severe 
short-term pain you see every day. 


4-6 hours, as necessary, for moderate to moderately 
severe pain. For more severe pain, 3-4 mg or more 
every 4-6 hours, as necessary, may be required. 
Treatment of Overdosage: lf overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to 
respiration and, if depression occurs, it may be 
antagonized by the use of naloxone hydrochloride 
(Narcan®)—Endo, nalorphine hydrochloride 
(Nalline™)—Merck, Sharp & Dohme or levallorphan 
tartrate (Lorfan®)—Roche, as recommended by the 
manufacturer. Other supportive measures should 
be applied when indicated. . 

How Supplied: Dilaudid HC! color coded tablets 
(NOT FOR INJECTION) imprinted with K logo on 


one side and potency on other side as follows: 
green—i mg; orange—2 mg; pink—3 mg and 
yellow—4 mg. Available in: 1 mg—bottles of 100 
(NDC +0044-1021-02), 2 mg—botties of 100 (NDC 
= 0044-1022-02) and 500 (NDC = 0044-1022-03), 
3 mg—botties of 100 (NDC =0044-1023-02). 
4 mg—bottles of 100 (NDC = 0044-1024-02) and 
500 (NDC =0044-1024-03). 


Knoll Pharamaceutical Company 
Whippany, New Jersey 07981 
® 
Member Company, Certified Medical sg 
Representatives Institute, Inc. B 
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Metrication.— All measurements must be in metric units. 
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measurements were originally done in English units. 
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reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
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should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
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the editors believe that color will add significantly to the 
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After deducting the ARCHIVES contribution, the author's 
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cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 
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ning on a separate sheet of paper. Length should be limited 
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complete evoked response measuring 
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and pen recorder all housed in a 
convenient equipment cart. The 
CA-1000 eliminates the struggle to 
construct a system with components 
from several different manufacturers. 


FEATURES 


E 1,20r4channels may be measured 
simultaneously. 

M The CA-1000 can measure signals 
as small as 1 microvolt. 

E Selectable low-pass and high-pass 

E 








Lary 


penne 





a es - ; 
appa a 


filters are built in. 

Artifact rejection permits the 
exclusion of individual signals 
based on their amplitude. This 
allows a reliable rejection of 
muscle or movement artifact. 

@ Stimulus rate and duration are 
controlled from the CA-1000 front 
panel. 

E Length of analysis time and 
number of analysis repetitions are 
variable over a wide range. 

WE Display is ona built-in, 8cm by 
10 cm oscilloscope. 

@ Acursor (intensified point) may be 
used to select any point on the 
waveform to display its actual 
amplitude and latency. In one mode 

Be Se two Cursors are used and the inter- 

o 4 wave latency and peak-to-peak 
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enn oe 
i 
i 
t 
i 
| 
\ 
| 


Write or phone for complete details. 


NICOLET 
æ INSTRUMENT 
CORPORATION 





5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 





TABLETS: 0.5 mg, 1 mg, 2 mg INJECTION: 1.0 mg/ml 
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highly effective against 
phenothiazine-induced 
extrapyramidal symptoms 


(except tardive dyskinesia) 


often permits needed chemotherapy to continue by controlling 
drug-induced extrapyramidal manifestations such as: tremor, akathisia, 
motor restlessness, muscular rigidity, drooling, dystonic reactions. 


In some patients, however, the phenothiazine dosage may have to be 
reduced or discontinued. After one or two weeks, COGENTIN 
should be withdrawn to determine the continued need for it. 


When given concomitantly with phenothiazines or other drugs with 

anticholinergic activity, patients should be advised to report 

Peo pingana complaints promptly; paralytic ileus, sometimes 
atal, has occurred in patients taking anticholinergic-type 

antiparkinsonism drugs, including COGENTIN, in combination 

with phenothiazines and/or tricyclic antidepressants. 


Contraindications: Children under three years of age; use cautiously in older children. 


Warnings: Safe use in pregnancy not established. May impair mental and/or physical abilities required 
for performance of hazardous tasks, such as operating machinery or driving a motor vehicle. When given 
concomitantly with phenothiazines or other drugs with anticholinergic activity, patients should be ad- 
vised to report gastrointestinal complaints promptly; paralytic ileus, sometimes fatal, has.occurred in pa- 
tients taking anticholinergic-type antiparkinsonism drugs, including COGENTIN, in combination with 
phenothiazines and/or tricyclic antidepressants. 


Precautions: Because of cumulative action, continued supervision is advisable. Closely observe patients 
with tendencies to tachycardia and those with prostatic hypertrophy. Dysuria may occur, but rarely 
becomes a problem. Large doses may cause complaints of weakness and inability to move particular 
muscle groups, requiring dosage adjustment. 


Mental confusion and excitement may occur with large doses, or in susceptible patients; visual hallucina- 
tions reported occasionally. May intensify mental symptoms when used to treat extrapyramidal disorders 
due to neuroleptic drugs (e.g., phenothiazines) in patients with mental disorders; in such patients, increased 
doses of antiparkinsonian drugs can precipitate toxic psychosis; observe patients carefully, especially at the 
beginning of treatment or if dosage is increased. Tardive dyskinesia may appear in some patients on long- 
term therapy with phenothiazines and related agents, or may occur after therapy with these drugs has been 
discontinued; antiparkinsonism agents do not alleviate symptoms of tardive dyskinesia, and in some in- 

stances may aggravate them. COGENTIN is not recommended in tardive dyskinesia. 


May produce anhidrosis; give with caution during hot weather, especially to the old, the chronically ill, 
the alcoholic, those who have central nervous system disease, those who do manual labor in a hot en- 
vironment, and those with disturbances in sweating. If anhidrosis appears, reduce dosage so that ability 
to maintain body heat equilibrium is not impaired. Occurrence of glaucoma is a possibility; probably 
should not be used in angle-closure glaucoma. 


Adverse Reactions: Adverse reactions may be anticholinergic or antihistaminic. Dry mouth, blurred vi- 
sion, nausea, nervousness may develop. If dry mouth causes difficulty in swallowing or speaking, or loss 
of appetite and weight, reduce dosage, or discontinue drug temporarily. Vomiting occurs infrequently and 
may be controlled by temporary discontinuation, followed by resumption at a lower dosage. Constipation, 
numbness of the fingers, listlessness, and depression may develop. Occasionally, an allergic reaction, 
e.g., skin rash, develops; sometimes this can be controlled by reducing dosage, but occasionally requires 
discontinuation. 


Note: Large doses generally cannot be tolerated by older patients and thin patients. Patients with a poor 
mental outlook are usually poor candidates for therapy. Do not terminate other antiparkinsonism agents 
abruptly; reduce gradually. When benztropine mesylate is used with levodopa the usual dose of each may 
need to be reduced. 


How Supplied: Tablets in three strengths: 0.5 mg and 1 mg benztropine mesylate in bottles of 100, 2 mg 
benztropine mesylate in bottles of 100 and 1000, and 1 mg and 2 mg in single-unit packages of 100; In- 
jection, in 2-ml ampuls, containing per ml: 1.0 mg benztropine mesylate, 9.0 mg sodium chloride, and 
water for injection q.s. MSD 
For more detailed information, consult your MSD representative or see full Record 
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Facts about dosage 
schedules of 

COGENTIN 

(Benztropine Mesylate | MSD) 


In treating extrapyramidal symp- 
toms due to neuroleptic drugs, such 
as phenothiazines and butyro- 
phenones, the recommended dosage 
of COGENTIN is 1 to 4 mg once or 
twice a day orally or parenterally. 
Dosage must be individualized 
according to the need of the patient. 
Some patients require more than 
recommended; others do not need 
as much. The tablet form should 

be used when patients are able to 
take oral medication. 


When extrapyramidal symptoms 
develop soon after initiation of 
treatment with neuroleptic drugs, 
they are likely to be transient. One to 
2 mg COGENTIN orally two or three 
times a day usually provides relief 
within one or two days. After one 

or two weeks, COGENTIN should 

be withdrawn to determine the 
continued need for it. If symptoms 
recur, COGENTIN can be 
reinstituted. 

Certain extrapyramidal disorders 
that develop slowly may not respond 
to COGENTIN. COGENTIN is not 
recommended in tardive dyskinesia. 
For more detailed information, 

see full prescribing information. 
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depth studies 
of the health care 
systems of Britain 








Britain employs a predominantly nationalized 
free-to-user health care system. France offers 
its citizens a comprehensive health and social 
insurance system. 


These highly readable, comprehensive studies, 
prepared by a research firm in London and pub- 
lished by the American Medical Association, offer 
an opportunity to step inside each system to ex- 
amine its administration. ..evaluate its achieve- 
ments and problems. ..and to get a feel for what 
it’s like to use it and work within it. 


Whats more, you'll learn how and why the pre- 
sent systems evolved...how they are financed 
...the range and quality of services available... 
the training and distribution of medical person- 
nel...and what effects each system has had upon 
the health of the general population. 


Everyone in the medical profession should read 
both of these fascinating studies on how other 
nations have organized the delivery of health care. 


ELECTROMYOGR APH 


LT Model 9000 


Portable 


The Model 9000 is a rugged, compact, 
exceptionally easy-to-use single channel EMG. It is 
smaller and lighter than any comparable instrument, 

yet has a full 5” oscilloscope face. 








Expandable | i Serviceable 


The Model 9000 plugs into a module bay which We have expended considerable effort to reduce 
accepts a variety of expansion modules. Modules both the cost and inconvenience of servicing the 
include a channel expander, stimulus programmer, Model 9000. The instrument’s design is modular 
signal averager, and signal store and record throughout, and all functional components can be 
system. The Model 9000 can be quickly unplugged replaced by simply unplugging. Indicator lights 
from the module bay, taken into the field for testing, quickly identify malfunctioning modules. Thus, 
then returned and just as quickly plugged back into repairs normally taking hours often can be effected 
the module bay. in minutes. In addition, a nationwide service center 


network supports all of LTI’s electronic medical 
instrument lines. 
For complete technical literature write or phone. 


Life-Tech Instruments, Inc. 


JA 46221 s HOUSTON TEXAS 77036 °(713)783 6490 
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Importance of Cylert (pemoline) single daily dosage 
to the child, the parents and the teacher 


For the child For the adults Cylert offers these benefits in 

No drug in child’s pos- i Control of medication a treatment program for MBD 

session while at school remains with parents e Single daily dose administration 

Avoids situation in Obviates need for i, ey 

which child is repeat- teacher or nurse to e Minimal cardiovascular effects 

edly singled out as supervise taking of ena Age di z 

being “different” mid-day doses PAN CORSES 10 DUE ac 
remained remarkably constant 

Helps prevent possible Helps assure that the 

variations in effect prescribed dosage is e Can be taken with breakfast 

caused by missed, for- being given each day 


gotten or delayed doses 


Cylert y 
- dosage is once-a-day, given to 
the child at home by the parent 
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Cylert, alone among CNS stimulants used to treat MBD, 
is inherently long-acting, permitting once-daily dosage 


Dosage 75 mg. per ae maximum simple cases overactivity in 
-ni : recommended daily dose of school age children. 
and administration Cylert is 112.5 mg. Neither should it be used in 
Cylert is given as a single oral Using the recommended the child who exhibits symp- 
dose each morning. schedule of dose titration, toms secondary to environ- 
The recommended starting significant benefits may notbe mental factors and/or primary 
dose is 37.5 mg. per day. This seen until the third or fourth psychiatric disorders, including 
daily dosage should be grad- week of drug therapy. Side psychosis. 
ually increased at one-week effects may be seen prior to The physician should rely on 
intervals using increments of optimum clinical results. a complete history of the child 
18.75 mg. until the desired and a thorough description of 
clinical response is obtained. When not to use Cylert symptoms from both parents 
The mean daily effective Cylert should not be used for and teacher before postula- 
dose ranges from 56.25 to (and will not be effective in) ting a diagnosis of MBD. l 
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Prescribing Information 


Description: Cylert (pemoline) is a 
white, tasteless, odorless powder which is 
relatively insoluble (less than 1 mg/ml) 
in water, chloroform, ether, acetone, 

and benzene. In 95 % ethyl alcohol, the 
solubility of pemoline is 2.2 mg/ml. 


Actions: Cylert (pemoline) is a central 
nervous system stimulant. The pharma- 
cologic activity of pemoline is similar to 
that of other known stimulants but with 
minimal sympathomimetic effects. 
Pemoline is structurally dissimilar from 
the amphetamines and methylphenidate. 
Although the exact mode of pharmaco- 
dynamic action is undetermined in man, 
pemoline has been reported to increase the 
rate of synthesis of dopamine in rat brain. 

In human subjects, Cylert produces peak 
blood levels within 2-4 hours. The serum 
half-life is approximately 12 hours. Mul- 
tiple dose studies in adults at several dose 
levels indicate that serum levels plateau in 
approximately three days. Cylert and its 
metabolites are primarily excreted by the 
kidneys with approximately 75% of an 
oral dose appearing in the urine within a 
24-hour period. Approximately 43% of 
pemoline is excreted unchanged. Metabo- 
lites include pemoline dione, conjugated 
pemoline and mandelic acid. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain dys- 
function. Using the recommended sched- 
ule of dosage titration, significant clinical 
benefit may not be evident until the third 
or fourth week of drug administration. 


Indications: MINIMAL BRAIN DYS- 
FUNCTION IN CHILDREN-~as adjunc- 
tive therapy to other remedial measures 
(psychological, educational, social). 

Special Diagnostic Considerations: 
Specific etiology of minimal brain dysfunc- 
tion (MBD) is unknown, and there is no 
single diagnostic test. Adequate diagnosis 
includes the use not only of medical but of 
psychological, educational, and social 
resources. 

Characteristics commonly reported 
include: A chronic history of moderate to 
severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) neuro- 
logical signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based 
upon a complete history and evaluation of 
the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational place- 
ment is essential and psychosocial interven- 
tion is generally necessary. When these 
measures alone are insufficient, the decision 
to prescribe stimulant medication will 
depend upon the physician’s assessment of 
the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 





New dosage form available! 
Cylert Chewable Tablets 





37.5 mg. 


primary psychiatric disorders, including 
psychosis. 


Contraindication: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the 
drug. (See PRECAUTIONS) 


Warnings: Cylert is not recommended 
for children under six years of age since 
safety and efficacy in this age group have 
not yet been established. 

Since Cylert (pemoline) and its metabo- 
lites are excreted primarily by the kidneys, 
caution should be observed in administer- 
ing the drug to children with significantly 
impaired renal function. 

Sufficient data on safety and efficacy of 
Cylert administration for periods beyond 
two years duration in children with minimal 
brain dysfunction are not yet available. 
Although a definite causal relationship 
has not been established, some temporary 
suppression of predicted growth pattern(i.e., 
weight and/or height) has been reported 
with the long-term use of stimulants in 
children. Therefore, patients requiring long- 
term therapy should be carefully monitored. 


Drug Interactions: Interactions be- 
tween Cylert and other drugs have not 
been studied in humans. As with most 
other drugs, concurrent administration 
with other agents, especially drugs with 
central nervous system activity, should be 
carefully monitored. 


Usage in Pregnancy: Safety for use in 
pregnancy has not been established. Stan- 
dard studies of fertility, teratology and repro- 
duction were conducted in rats and rabbits. 
Daily oral doses of pemoline of 18.75 

and 37.5 mg/kg beginning at conception 
produced no abnormalities in the fetuses 
and did not affect viability at birth. Further 
studies using similar dose levels with drug 
administration beginning 14 days before 
conception demonstrated an increased 
incidence of stillbirths in these animals. 


Drug Dependence: Studies of the 

drug abuse potential of Cylert (pemoline) 
in primates have not demonstrated a 
potential for self-administration. However, 
the pharmacologic similarities between 
Cylert and other CNS stimulants with 
known abuse liability suggest that drug 
dependence of the stimulant type might 
occur. There have been isolated reports of 
transient psychotic symptoms in adults 
following long-term misuse of pemoline 
taken orally in excessive quantities. There- 
fore, caution should be observed in emo- 
tionally unstable patients considered to 
have a psychological potential for drug 
dependence. 


Precautions: Delayed hypersensitivity 
reactions involving the liver have been 
reported in 1-2% of the patients receiving 
Cylert usually after several months of 
therapy. No clinical symptomatology has 
been observed, but mild to moderate 


increases in transaminase (SGOT and 
SGPT) levels have occurred in these 

cases. These effects appear to be com- 
pletely reversible when drug treatment is 
discontinued. Transaminase levels should 
be determined periodically during therapy 
with Cylert to detect any such reactions. 


Adverse Reactions: The most fre- 
quently reported adverse reaction with 
Cylert is insomnia. Insomnia has been 
observed prior to optimum therapeutic 
response and in the majority of cases was 
transient in nature or responded to dosage 
reduction. Anorexia with weight loss during 
the first few weeks of therapy has also been 
reported. With continuing therapy, a re- 
turn to a normal weight curve usually 
occurred within three to six months. Other 
adverse reactions reported include stomach- 
ache, skin rash, irritability, mild depression, 
nausea, dizziness, headache, drowsiness, 
and hallucinations. Mild adverse reactions 
appearing early in treatment often remit 
with continuing therapy. If adverse 
reactions are of a significant or protracted 
nature, dosage reduction or discontinua- 
tion should be considered. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. The recommended 
starting dose is 37.5 mg per day. This daily 
dosage should be gradually increased at 
one week intervals using increments of 
18.75 mg until the desired clinical response 
is obtained. The mean daily effective dose 
ranges from 56.25 to 75 mg per day. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administra- 
tion should be interrupted occasionally to 
determine if behavioral symptoms sufficient 
to require continuing therapy recur. 


Overdosage: Cylert overdosage has 
been reported to produce symptoms of 
tachycardia, hallucinations, agitation, or 
restlessness. The treatment of acute massive 
overdosage with pemoline is essentially the 
same as that for overdosage with any drug 
having CNS stimulatory effects. Manage- 
ment is largely symptomatic and may 
include induction of emesis, gastric 

lavage or other measures as appropriate. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 


37.5 mg. tablets (orange-colored) in bottles 


of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles 
of 100 (NDC 0074-6073-13) 

New Dosage Form: 
Cylert Chewable Tablets 37.5 mg. 


(orange-colored, grooved) in bottles c) 
of 100 (NDC 0074-6088-13) 
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imbalance 


a central problem 
in the management of Parkinson’s disease 








Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
Mee parkinsonian patient back into balance 





See last page of advertisement for brief summary of prescribing information. 


a combination of 


Se 
meme carbidopa and levodopa 


can mean a world of difference ` 
for some parkinsonian patients... 








Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 
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SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 
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Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 
often depends on proper dosage 





Start with SINEMET-25/250 350 mg levodopa 00e 2 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
” And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 

~been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


MSD 
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Carbidopa: a key ingredient in SINEMET 


When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. See the Warnings 
(below) and Dosage and Administration sections in the full pre- 
scribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
given concomitantly. MAO inhibitors must be discontinued at least 
2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage. (See Dosage and Administration section of full prescribing 
information.) Patients taking SINEMET should be instructed not to 
take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require dosage 
reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 





Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during period of 
initial dosage adjustment, in a facility with provisions for intensive 
cardiac Care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects ot 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors. ) i 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary, 
and patients should be carefully observed for loss of antiparkin- 
sonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and 
dizziness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucinations 
and delusions, agitation and anxiety, malaise, fatigue, euphoria, 
muscle twitching and blepharospasm (may be taken as an early 
sign of excess dosage; consider dosage reduction at this time), 
trismus, burning sensation of tongue, bitter taste, diarrhea, consti- 
pation, flatulence, flushing, skin rash, increased sweating, bizarre 
breathing patterns, urinary retention, urinary incontinence, diplo- 
pia, blurred vision, dilated pupils, hot flashes, weight gain or loss, 
dark sweat and/or urine, oculogyric crises, sense of stimulation, 
hiccups, edema, loss of hair, hoarseness, priapism, and activation 
of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, and 
uric acid are lower during administration of SINEMET than with 
levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET- 
25/250 are supplied in bottles of 100. }6S102 (DC 6834802) MSD 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme, Division of Merck & Co., INC., West Point, Pa. 19486. M 














Who says CME 
has to be all work? 





AMA now offers CME at six of 
America’s most beautiful resorts! 


In 1977, the AMA has slated six of its 15 Continuing Medi- 
cal Education Meetings at some of the nation’s top resorts. 
All courses end at midday—so you work in the morning, 
play in the afternoon. Depending on your inclinations (and 
the resort), you can get in a round of golf, play a couple of 
sets of tennis, ski, fish, surf, swim, sun, or just laze around. 
Choose from: 


Sahara Tahoe Hotel 
Lake Tahoe, Nevada 
Feb. 11-13, 1977 


Innisbrook Resort 
Tarpon Springs, Florida 
Mar. 4-6, 1977 


Tan-Tar-A Resort 
Lake of the Ozarks, Missouri 
Sept. 16-18, 1977 


The Homestead 
Hot Springs, Virginia 
Sept. 30-Oct. 2, 1977 


Sawmill Creek Resort 
Huron, Ohio 
Oct. 7-9, 1977 


Sheraton Waikiki Hotel 
Honolulu, Hawaii 
Oct. 30-Nov. 4, 1977 
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FOR FURTHER INFORMATION, SEND IN THIS 
COUPON 
Dept. of Meeting Services 
American Medical Association 
535 N. Dearborn St. 

Chicago, Illinois 60610 
Please send me further details on the AMA CME Meet- 
ings in: 
C] Lake Tahoe C] Hot Springs 
[ ] Tarpon Springs C] Huron 
C] Lake of the Ozarks C] Honolulu 
Name pts iN 
Address 
City/State/Zip 
S/J 
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Mysoline’ (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


Ayerst. 


AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE” brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATION S:Primidone is contraindicated 


in: 1) patients with porphyria and 2) patients who are hyper- 


‘sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 

whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 

with attendant hypoxia and risk to both mother and the unborn 

child. 

When the nature, frequency, and severity of the seizures do not 

pose a clear threat to the patient, good medical practice requires 

that the physician weigh the expected therapeutic benefit of 

anticonvulsant therapy against possible risk on an individual 

basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the tollowing have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINEand toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 













lst Week 2nd Week 


250 mg. daily at bedtime 250 mg. b.i.d. 


3rd Week 4th Week 
250 mg. t.i.d. 250 mg. q.i.d. 


In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 





In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 


other drug(s) is maintained or gradually decreased. This regi- 
. men should be continued until satisfactory dosage level is 


achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
e for initiation of combination therapy 
e during “transfer” therapy 
e for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures (menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets —No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000. Alsoin unit dose package of 100. No. 431 — Each 
tablet contains 50 mg. of primidone (scored), in bottles of 100 
and 500. MYSOLINE Suspension — No. 3850 —Each 5 cc. (tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 
Ill., Charles C Thomas, 1972, pp. 6, 7, 584. 2.Grossman, H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C.M.D. 37:49 ( Jan.) 1970. 5. Forster, 
F.M.: Med. Clin. North Am, 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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Original Contributions 


Cerebral White-Matter Hypoplasia 


Amrik S. Chattha, MD, Edward P. Richardson, Jr, MD 


è Twelve patients, including three sis- 
ters, with lifelong severe intellectual 
impairment and neurologic defects were 
found to have generalized hypoplasia of 
the cerebral white matter, with corre- 
sponding enlargement of the ventricular 
system. Gray-matter structures were re- 
markably intact. Reactive cellular 
changes (gliosis, phagocytosis, inflam- 
mation) were absent. To our knowledge, 
this particular syndrome has not previous- 
ly been delineated in the extensive litera- 
ture on cerebral palsy. The abnormalities 
in these cases could result from the 
effects of a selectively acting tissue- 
damaging factor, such as has been postu- 
lated in perinatal telencephalic leukoen- 
cephalopathy, but the factors underlying 
the disorder are still unknown. 

(Arch Neurol 34:137-141, 1977) 


he nonprogressive cerebral disor- 
ders of infancy and early child- 
hood, often collectively referred to as 
cerebral palsy, can generally be 
attributed either to injury to the brain 
at birth or to a congenital malforma- 
tion of the nervous system. The neuro- 
pathologic syndromes associated with 
these clinical states have been the 
subject of numerous publications ex- 
tending over many years.' Most of 
these disorders involve both gray and 
white matter, but periventricular leu- 
komalacia** and centrolobar sclerosis,’ 
both of which are considered to be the 
consequence of birth injury, chiefly 
affect the white matter. 
During the course of our post- 
mortem studies of the brains in cases 


of mental retardation, we encoun- 


tered 12 in which there was a remark- 
able paucity of cerebral white matter 
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in the presence of relatively normal- 
appearing cerebral cortex, deep nu- 
clei, and other gray-matter structures. 
Unlike periventricular leukomalacia 
or centrolobar sclerosis, this abnor- 
mality of the white matter was not 
accompanied by any foci of necrosis or 
any cellular reaction such as might 
suggest a destructive lesion in the 
past or an ongoing pathologic process. 
In five cases, there was a family 
history of a similar clinical and neuro- 
pathologic disorder. Despite the volu- 
minous literature on the neuropatho- 
logic aspects of cerebral palsy and 
mental retardation, we have not been 
able to find an extensive description 


of this cerebral abnormality or a 


discussion of its nature. 


SUBJECTS AND METHODS 


A review of the data pertaining to both 
cerebral injury at birth and mental retar- 
dation that became available for study at 
the Charles S. Kubik Laboratory for 
Neuropathology at the Massachusetts Gen- 
eral Hospital, Boston, over the period of 
the last 15 years disclosed 12 cases with the 
features referred to above in which there 
was sufficient material for clinicopatho- 
logic evaluation. In all of these, there was a 
striking contrast between the sparse quan- 
tity of cerebral white matter and the rela- 
tively normal appearance of the cerebral 
cortex, cerebellum, hippocampus, and cen- 
tral nuclei. 

In each case a complete necropsy had 
been performed, which included a descrip- 
tion of the gross neuropathological find- 
ings. Celloidin- or paraffin-embedded sec- 
tions and frozen sections of brain for 
microscopic examination were stained by 
the following techniques: hematoxylin- 
eosin, cresyl violet, PAS method for carbo- 
hydrates, scarlet red and oil red O for fats, 
and the Heidenhain-Woelcke, Loyez, and 
Spielmeyer methods for myelin. In each 
case, representative sections of cerebral 
cortex, basal ganglia, hippocampus, cere- 
bellum, and brain stem were available. 

The medical records of the patients were 
reviewed for such information as the 
course of the pregnancy, the delivery, the 
neonatal period, and the subsequent clin- 
ical course. In each case frequent neurolog- 
ical examinations had been carried out. In 


all of them, chromosomal abnormalities, 
aminoacidurias, and identifiable progres- 
sive metabolic disorders of the central 
nervous system had been ruled out by 
appropriate laboratory investigations. 


RESULTS 


The clinical and the neuropatholog- 
ical observations are summarized in 
the Table. 

There were six males and six 
females. Their ages ranged from 5 
months to 22 years with a mean age of 
5 years and 9 months. Three of the 
patients in this series (No. 4, 5, and 6) 
came from one family, while one 
patient (No. 8) had two siblings with 
similar clinical abnormalities and one 
(No. 9) had a severely retarded older 
brother. In the latter two families, 
there were normal children as well. 

Pregnancy and delivery in most 
cases were normal and uneventful 
(Table). In case 2, the mother was 
exposed to rubella during the fourth 
month of pregnancy, and maternal 
rubella occurred in case 12. In case 8 
the mother had unexplained hematu- 
ria. One mother had diabetes mellitus 
(case 7). In four cases (No. 5, 7, 10, and 
11) the birth was more difficult than 
in the others, but in no case was there 
major obstetrical difficulty. On the 
other hand, nearly all of the infants 
did poorly during the neonatal period. 
Four had frequent seizures, three had 
respiratory difficulties, and abnor- 
malities such as vomiting and failure 
to thrive were noted in others. In only 
two cases (No. 1 and 10) was the early 
infantile period indicated as being 
unremarkable. 

The neurologic features of each case 
are likewise recorded in the Table. It 
is noteworthy that all of these chil- 
dren were below the third percentile 
in height, weight, and head circumfer- 
ence, and all were severely retarded 
mentally, with quadriparesis. Three 
patients (No. 7, 10, and 11) had obvious 
congenital anomalies, and one (No. 11) 
had facial features suggesting Down 
syndrome. Recurrent seizures after 
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the neonatal period were recorded in 
two cases (No. 8 and 12). Involuntary 
movements such as chorea or athetosis 
were not observed. 


Neuropathologic Observations 


The brain weights were low in all 
cases. There were no abnormalities in 
the appearance of the gyri and sulci, 
and the cerebral cytoarchitecture was 
normal! in all, although recent neuron- 
al changes, attributable to terminal 
respiratory complications, were fre- 
quent. There was some loss of 
Purkinje cells in the cerebellum in one 
case (No. 9) and scattered cerebellar 
heterotopias were found in one case 
(No. 11). The hippocampus was normal 
in all cases except two (No. 4 and 12), 
in which some loss of cells in the 
Sommer sector was found. Some aber- 
rant neuroblasts were seen bilaterally 
in the amygdala in case 8. The thala- 
mus, caudate nucleus, putamen, and 
globus pallidus were unremarkable in 
all cases except case 4, in which 
minute flecks of calcification were 
found in the globus pallidus. The 
pyramids of the medulla were abnor- 
mally small in all. 

The outstanding neuropathological 
feature of all the cases was that the 
ventricular system was enlarged, with 
no evidence of obstruction to the cere- 
brospinal fluid pathways, and the 
white matter was remarkably sparse 
in comparison with the gray-matter 
structures. This sparseness of white 
matter was most conspicuous in the 
centrum semiovale, but in addition the 
corpus callosum was abnormally thin 
in all cases. Despite its hypoplastic 
appearance, the cellular composition 
of the white matter was normal, and 
there was no evidence of gliosis, an 
inflammatory reaction, or a macro- 
phage reaction. Myelination showed 
no impairment. The histologic ap- 
pearance of nerve cells was within 
normal limits throughout, apart from 
the terminal changes already men- 
tioned. 


OCCURRENCE 
IN THREE SISTERS 


Of particular interest was the 
occurrence of this disorder in three 
sisters (cases 4, 5, and 6). These chil- 
dren were born of healthy parents, 
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with no history, on either side of the 
family, of consanguinuity, or of men- 
tal retardation or other neurologic 
disorders. 

The oldest child (case 4) was born in 
May 1954 after a pregnancy that had 
been normal in all respects. The deliv- 
ery, which occurred 11 days before the 
expected date, was entirely unevent- 
ful. There was a vertex presentation, 
and no instrumentation was used. The 
baby did not require any resuscita- 
tion, and, on examination at birth, 
appeared to be entirely normal. The 
birth weight was 2.5 kg. Unexplained 
vomiting occurred occasionally during 
the first few days of life, but her 
course was thought to be satisfactory 
and she was sent home on the fifth 
day. On the seventh day, when exam- 
ined at home because of recurrence of 
vomiting, she was dehydrated and 
was said to be “twitchy,” with 
frequent opisthotonic posturing. Sub- 
sequently she failed to thrive, and 
motor and mental development were 
obviously retarded. When examined 
at age 20 months, her state was char- 
acterized by severe psychomotor re- 
tardation and spastic quadriparesis. 
She was admitted to a state institu- 
tion for the mentally retarded, where 
she required total care, being unable 
to speak, understand what was said to 
her, or carry out any purposive acts. 
She died at the age of 4 years. 

The second child (case 5) was born in 
August 1955. The mother had had 
some nausea and vomiting in the first 
trimester. Delivery, which occurred 
between one and two weeks after the 
expected date, was by cesarean sec- 
tion because of face presentation and 
dystocia. The birth weight was 4.0 kg. 
There was some twitching and tremor 
of the limbs at birth. Examination on 
the fifth day showed normal breath- 
ing and good color, but the twitching 
and tremulousness persisted. The 
child subsequently had difficulty in 
feeding and failed to thrive, and 
psychomotor retardation was appar- 
ent. When examined at age 6 months, 
she followed objects with her eyes and 
was able to roll over, but she did not 
smile or show any signs of recognition 
of her parents. The tendon reflexes 
were hyperactive throughout, and the 
plantar reflexes were extensor. There 





Case/Age/Sex Family History J 
1/1 yr/F No 
2/22 mo/M No 
3/8 mo/M No 
4/4 yr/F Yes 
5/3 yr/F Yes 
6/4 yr/F Yes 
7/5 mo/M No 
8/8 yr/F Yes 
9/13 yr/M Yes 

10/4 yr/M No 
11/22 yr/M No 
12/10 yr/M No 


* Pneumoencephalogram. 
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Case 5. Representative coronal sections 
of brain, showing sparseness of white 
matter and ventricular enlargement (Loyez 
myelin). 
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was apparent unawareness of painful 
stimuli. When reexamined at age 2 
years, she was below the third 
percentile in height, weight, and head 
circumference. She could sit, but was 
unable to stand or speak; the IQ was 
recorded as 14. Except for right 
internal strabismus, the cranial 
nerves were normal. She lay in a frog- 
leg position, with clenched fists. Gen- 
eralized hyperreflexia, with bilateral 
extensor plantars, persisted. Her con- 
dition remained unchanged until her 
death, with respiratory infection, at 
the age of 3 years and 3 months. 

The third sister (case 6) was born in 
February 1958 after an unremarkable 
pregnancy. The delivery was unevent- 
ful. The birth weight was 3.5 kg. From 
the time of birth she sucked poorly 
and was observed to have hyperre- 
flexia with some spasticity. Subse- 
quently, she showed severe intellec- 
tual and motor retardation and, like 
her two older sisters, was below the 
third percentile in height, weight, and 
head circumference. Examination 
showed, in addition to severe mental 
retardation, striking spasticity with 
hyperreflexia. She died at the age of 4 
years. 

The brain weights of all three chil- 
dren are indicated in the Table. The 
findings, both on gross and microscop- 
ic examination, were remarkably sim- 
ilar in all three and demonstrated the 
features already described above 
(Figure). 


COMMENT 


The neuropathologic abnormalities 
that we have described in these cases 
are clearly different from those found 
in the varieties of leukoencephalop- 
athy in childhood that are most 
familiar to neuropathologists. They 
have no features in common with the 
leukodystrophies or other progressive 
diseases of white matter,’ and the lack 
of gliosis and other cellular reactive 
changes would be unlikely with disor- 
ders associated with neonatal or post- 
natal hypoxia or circulatory failure, 
such as periventricular leukomalacia?:* 
or centrolobar sclerosis.‘ Furthermore, 
compression atrophy from obstructive 
hydrocephalus can likewise be ex- 
cluded, both on clinical and neuropath- 
ologic grounds. 
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The question could be raised as to 
whether the circumstances under 
which periventricular leukomalacia is 
thought to occur—impaired circulatory 
perfusion, resulting in necrosis in the 
periventricular end-zones of vascular 
supply’—if occurring early in utero 
before the glial cells have developed 
sufficiently to produce gliosis, might 
give rise to a general hypoplasia of the 
white matter such as characterizes our 
cases. In none of our cases, however, 
was there a history of hypotension or 
hypoxia during pregnancy, and in the 
few case reports in which an event of 
this sort is recorded, the infant brain 
showed widespread changes both in 
gray- and white-matter structures 
rather than white-matter reduction 
alone.’ 

It is striking that in several 
instances, as already pointed out, the 
disorder affected more than one of the 
children in a family; in fact, in the 
family described above in some detail, 
all three children were so afflicted. 
There is insufficient evidence as yet 
to indicate with certainty that this is a 
genetically determined condition, but 
its familial occurrence does seriously 
raise the possibility of an underlying 
enzymopathy. The neuropathologic 
features, however, differ considerably 
from the encephalopathies that have 
been described in association with 
recognized syndromes such as the 
disorders of amino-acid metabolism," 
or with the familial syndromes of 
obscure nature in which mental retar- 
dation is prominent.” Moreover, cere- 
bral changes such as we have found in 
our cases have not been encountered 
in malnutrition in human beings or 
experimental animals, despite the evi- 
dence that states of malnutrition can 
adversely affect cerebral develop- 
ment.'' The presence of multiple 
congenital anomalies in four of our 
cases raises the question as to whether 
the cerebral abnormalities might be 
the result of a teratogenic factor with 
potentially widespread effects. The 
neuropathologic features of our cases, 
however, differ greatly from those in 
cases where there has been exposure 
to a known teratogenic factor. The 
intactness of gray-matter structures 
in our material, including normal 
cortical differentiation, indicates that 


the development of these components 
must have occurred without mishap. 
The studies concerned with the prob- 
lem of perinatal telencephalic leu- 
koencephalopathy’® suggest that a 
tissue-damaging factor of a particular 
sort (postulated as bacterial endotoxin 
in this instance), or at a particular 
stage, might result in selective effects 
on the immature glial cells and axons 
making up what would ultimately 
become the white matter. If this were 
the case, the picture of a small brain 
with large ventricles and an overall 
hypoplasia of the cerebral white mat- 
ter could result—and this is what we 
have found. Whereas our studies have 
suggested that such a possibility may 
exist, they have not led us to any 
conclusions as to what the presumed 


tissue-damaging factor or agent may 
be. 
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Brain-Type Creatine Kinase Isoenzyme 


Occurrence in Serum 
in Acute Cerebral Disorders 


Markku Kaste, MD; Hannu Somer, MD; Aarne Konttinen, MD 


è Acute brain damage—cerebrovascu- 
lar or cardiovascular, traumatic or infec- 
tious—released brain-type isoenzyme of 
creatine kinase (BB-CK) into the circula- 
tion within a few hours in 16 of 62 patients 
(26%). Occurrence of BB-CK was tran- 
sient in the serum. BB-CK activity was 
found in the peripheral blood in 13 of 23 
patients with diffuse brain damage com- 
pared to three of 39 patients with a local 
cerebrovascular accident (P < .0005). 
The mortality of patients having BB-CK in 
their serum was 63% compared to 39% of 
those without BB-CK activity in their 
serum (P < .05). 

(Arch Neurol 34:142-144, 1977) 


erum enzyme tests have an estab- 
lished value as indicators of acute 
tissue damage. Brain tissue, however, 
has been considered exceptional in 
this sense. Several enzymes, especially 
creatine kinase (CK), show increased 
activity in the serum after acute cere- 
bral disorders,'* but these elevations 
are thought to be of extracerebral 
origin, since typical brain tissue isoen- 
zyme has not been detected in serum 
in these cases." 
We have recently shown the release 
of brain-type CK (BB-CK) isoenzyme 
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into the serum after experimental 
brain damage and also in some cases 
of clinical brain injury." 

The present study was made to 
discover how often the BB-CK isoen- 
zyme can be detected in serum in 
various types of acute brain damage 
and whether it has any clinical signif- 
icance. 


PATIENTS AND METHODS 


The present series consists of 62 patients 
with acute severe brain damage due to 
various causes. Forty-four of them were 
men and 18 were women. Their ages varied 
from 18 to 82 years (mean, 48.4 years). The 
diagnosis, based on traditional clinical, 
laboratory, and radiologic examinations, 
was ischemic brain infarction in 27 cases, 
cerebral contusion in 10, subarachnoid 
hemorrhage in 8, cerebral hemorrhage in 4, 
and bacterial meningitis in 4 cases. In an 
additional nine patients the brain damage 
was a consequence of cardiac arrest asso- 
ciated with myocardial infarction or car- 
diac arrhythmia. All patients showed signs 
of severe brain damage on admission, but 
patients with ischemic brain infarction 
appeared to have a less severe clinical 
course. 

The first blood sample (peripheral blood) 
was taken on admission to the hospital; 
daily samples were collected during the 
first three hospital days, but a rigid time 
schedule could not always be achieved. 
Total CK activity was measured by means 
of test kits (creatine phosphokinase-acti- 
vated, Boehringer, Mannheim) at 25 C. The 
upper normal limit is 50 IU. Creatine 
kinase isoenzymes were separated electro- 
phoretically in agarose gel and determined 
by a fluorescence technique with a sensi- 


tivity of 3 to 5 IU.® The original method 
contains an error: the incubation fluid 
should contain also 40 mg of glucose in 5 ml 
of glycylglycine buffer in addition to the 
other reagents mentioned. 


RESULTS 


Brain-type CK isoenzyme was de- 
tected in blood samples of 16 of 62 
patients (26%). The occurrence was a 
transient one, reaching its peak value 
a few hours after the onset of symp- 
toms. The isoenzyme disappeared 
usually during the first 24 hours; only 
three patients showed BB-CK activity 
48 hours after the onset of symptoms. 
The peak of BB-CK activity varied 
from 3 to 14 IU (Figure) except in a 
patient with cerebral contusion, who 
showed an activity of 88 IU (mean, 
11.3 IU). The mean of the peak values 
with ranges in various groups of 
patients is indicated in Table 1. The 
BB-CK isoenzyme constituted maxi- 
mally 23% of total CK activity. 

Total CK activity was pathological 
in 35 of 62 patients (56%). Shock, 
hypoventilation, or extracerebral tis- 
sue trauma were associated with 
many, although not with all, cases 
showing total CK elevations. Total CK 
activity usually reached its peak on 
the second or third hospital day. 
Patients demonstrating BB-CK isoen- 
zyme activity in serum had higher 
total CK activities than those not 
having BB-CK activity in serum 
(P < .05). 

The frequency of BB-CK-positive 
cases differed in diverse clinical 
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cerebral disorders. Lined area indicates zero: no BB-CK activity was detected. 


Table 1.—Brain-Type Creatine Kinase (BB-CK) lsoenzyme and Total Creatine 
Kinase (CK) Levels in Patients With Acute Cerebral Disorders 
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No. of 
BB-CK- 
Positive 
Patients 


Mean (Range) of 
Peak Values, IU 


BB-CK 


3 (3) 
20 (4-88) 
3 (3) 


6 (3-14) 
11 (3-88) 


CK 
81 (12-620) 
160 (35-362) 
98 (23-145) 
365 (26-1,575) 
327 (25-1,140) 


970 (66-4,060) 
283 (12-4,060) 








Table 2.—Occurrence of Brain- 
Type Creatine Kinase (BB-CK) 
lsoenzyme in Patients With Acute 
Cerebral Disorders 


BB-CK 
cs FF 
Present Absent 
Diffuse 
brain damage 
Cerebral 
contusion 


Bacterial 


meningitis 
Cardiac arrest 

with brain 

damage 


Local 
brain damage 
Ischemic brain 
infarction 


Subarachnoid 
hemorrhage 

Cerebral 
hemorrhage 





groups. Only three of 39 patients (8%) 
with local cerebrovascular lesion 
showed BB-CK isoenzyme, while it 
was detected in 13 of 23 patients (57%) 
with a more diffuse type of lesion such 
as cerebral contusion, bacterial me- 
ningitis, or brain damage caused by 
cardiac arrest (Table 2). The differ- 
ence is highly significant (P < .0005). 
Age or sex did not correlate with the 
occurrence of BB-CK isoenzyme, nor 
did the neuropathological findings in 
the 18 cases in which autopsies were 
performed. 

Patients demonstrating BB-CK, ac- 
tivity in the serum had somewhat 
higher mortality, ten of 16 (63%), than 
those showing no BB-CK activity, 18 
of 46 (39%) (P < .05) (Table 3). The 
trend observed in the “pooled” mate- 
rial is due to the great difference 
(P < .0005) found in the group of 
ischemic brain infarctions: both pa- 
tients showing BB-CK activity died, 
while the mortality in the BB-CK- 
negative group was very low (three of 
25). No correlation between the pres- 
ence of BB-isoenzyme and mortality 
was found in other clinical subgroups. 
Six of the 16 BB-CK-positive patients 
survived; four of them require institu- 
tional care and only two have become 
fully independent in activities of daily 
life. 
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Table 3.—Relationship Between Mortality and Occurrence of Brain-Type 
Creatine Kinase (BB-CK) lsoenzyme in Serum of Patients With Acute Cerebral 
Disorders 


BB-CK-Positive 


Ischemic brain 
infarction 


Subarachnoid 
hemorrhage 


Cerebral 
hemorrhage 


Cerebral 
contusion 


Bacterial 
meningitis 


Total 


COMMENT 


Determination of creatine kinase 
isoenzymes in the serum offers possi- 
bilities for an enzyme test with 
considerable tissue specificity. The 
brain-type creatine kinase (BB-CK) 
isoenzyme is the predominating CK 
isoenzyme in brain, but it does not 
exist in two organs with high CK 
activity, skeletal muscle and heart, 
which only have muscle-type creatine 
kinase (MM-CK) and heart-type crea- 
tine kinase (MB-CK) isoenzymes.” 
Normal human serum does not show 
BB-CK isoenzyme activity. The find- 
ing of BB-CK isoenzyme in the serum 
of 26% of patients with severe brain 
damage, therefore, suggests that clin- 
ical brain damage may cause release 
of brain tissue enzymes into the 


peripheral blood. This is supported- 


also by the detection of BB-CK isoen- 
zyme in the serum of two patients 
with Reye syndrome, acute encepha- 
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Patient Mortality 
—_————_— as" _- 


BB-CK-Negative 





lopathy of unknown cause," and in 
patients having undergone neurolog- 
ical surgery on the previous day.'* The 
difference between our results and 
those observed in previous studies*”’ is 
most likely due to the much more 
sensitive isoenzyme method used in 
this study. Proper timing in sample 
taking is probably also a contributing 
factor. In our study special effort was 
made to take the first sample as soon 
as possible after the onset of the 
patient’s symptoms. In many cases 
patients with ischemic brain infarc- 
tion or bacterial meningitis were not 
admitted to the hospital as rapidly as 
patients with other cerebral disorders. 
In these patients earlier sampling 
time might more often have given 
positive BB-CK findings. 

Quite severe brain damage seems to 
be needed for the release of BB-CK 
isoenzyme into blood. Creatine kinase 
isoenzyme analysis does not, there- 
fore, seem to offer similar sensitivity 
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in the confirmation of brain tissue 
damage as when myocardial damage 
is concerned." The blood-brain barrier 
may be one reason for this differ- 
ence. 

The finding of higher mortality in 
BB-CK-positive cases suggests a rela- 
tionship between the severity of the 
lesion and the amount of enzyme 
release. This does not, however, seem 
to be the only contributing factor. 
When the brain lesion was more 
generalized and diffuse, the BB-CK 
isoenzyme was detected more often 
than in local cerebrovascular lesions. 
In addition to the size of brain tissue 
affected, circulatory factors probably 
also have some significance. A local- 
ized cerebrovascular lesion is followed 
by impaired perfusion in the damaged 
area, and later on a generalized 
slowing of the whole cerebral circula- 
tion may develop in severe cases." 
These changes will obviously decrease 
an effective wash out of the enzyme 
from the damaged area into the circu- 
lation. 

Although the presence of BB-CK 
isoenzyme in serum may have some 
prognostic significance, the test as 
now conducted has several limitations. 
It is too insensitive and demands an 
early sample taking. It is, however, 
possible that with the progress of 
isoenzyme methods" a more reliable 
estimation of the severity of brain 
damage can be made by means of 
serum analyses. 
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Doppler Ultrasound Scanning 
of the Carotid Bifurcation 


Eric Blackwell, MD; John Merory, MB, BS; James F. Toole, MD; William McKinney, MD 


è The results of Doppler scanning of 
146 carotid bifurcations in 86 patients 
were correlated with carotid arteriogra- 
phy. The correlations for normal carotid 
arteries ranged from 63% to 98%; the 
correlation for occlusions of carotid 
arteries was 100%. The Doppler scan 
correlated in 70% to 85% of stenoses of 
the internal or external carotid arteries 
near their origins. The technique may be 
performed by a well-trained technician or 
physician. 

(Arch Neurol 34:145-148, 1977) 


Imost half of the patients suffer- 
ing infarction or transient is- 
chemic attacks in the territory of the 
internal carotid artery have atherom- 
atous plaques at the carotid bifurca- 
tion in the neck. These plaques may 
progress to stenosis or occlusion, 
which if detected and treated in the 
early stages could prevent infarction. 
In order to accomplish this, Doppler 
ultrasound scanning of the carotid 
bifurcation has been developed. If it 
proves to be reliable, the technique 
holds great promise for noninvasive, 
rapid, inexpensive, and safe evalua- 
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tion of patients for atheroma of the 
carotid system. While others'' had 
described methods for indirect evalua- 
tion using measures of carotid or 
ophthalmic artery pressure or flow, 
Spencer et al’ have perfected a system 
using a Doppler flow probe and a 
storage oscilloscope for imaging the 
carotid artery and its bifurcation in 
the neck. In addition, the same direc- 
tional Doppler probe can be used to 
determine ophthalmic artery flow 
direction as a measure of hemody- 
namics in the carotid-ophthalmic ar- 
terial system. 

To assess the Spencer system we 
have compared results of carotid 
artery scanning using the Spencer 
technique with arteriography of 172 
carotid bifurcations. We have also 
studied the association of carotid 
artery bruits with the results of the 
Doppler scan and arteriography. Pre- 
vious studies“ have shown consid- 
erable variation in the degree of 
correlation of carotid bruits with 
carotid stenosis. 


METHOD 
Equipment and Techniques 


Figures 1 and 2 show the instrumenta- 
tion for the procedure, consisting of a scan 
console containing the direetional Doppler 
circuitry, an oscilloscope for the continuous 
display of flow velocity signals and the 
ECG, a strip chart recorder with two chan- 
nels for making permanent records of the 


flow velocity profiles and the ECG, a ster- 
eophonic tape recorder for independent 
recording of Doppler sounds and technical 
comments, and a storage oscilloscope for 
recording the image of the bifurcation 
obtained by scanning. A scanning arm 
containing two potentiometers that drive 
the X- and Y-axes of the storage oscillo- 
scope to establish the location of the 
Doppler probe in one place completes the 
system. A flow velocity signal detected by 
the probe drives the Z-axis of the storage 
oscilloscope, allowing the beam to turn on 
and write out a line each time the probe is 
moved across a patent artery. 

The patient is examined supine with a 
rolled towel beneath his neck to extend the 
head and expose the region of the carotid 
bifureation (Fig 3). Aqueous coupling gel is 
applied along the course of the carotid 
vessels and scanning is done by a syste- 
matic back and forth movement across the 
artery gradually building up an image of 
the vessel from the clavicle to the angle of 
the jaw. After the bifurcation has been 
imaged and pictures (Polaroid) taken, the 
Doppler probe is removed from its scan- 
ning arm assembly and is used to search 
the orbital areas through the closed eyelid 
to determine direction of flow through the 
branches of each ophthalmic artery (Fig 4). 
The entire procedure can be performed by 
a physician or a well-trained technician in 
15 to 30 minutes. Interpretation by a physi- 
cian requires another five minutes to listen 
to the sound recordings and to read the 
images (Polaroid) and pulse wave record- 
ings. Examples of normal, stenotic, and 
occluded internal carotid arteries are illus- 
trated in Fig 5 to 7. 
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Fig 1.—-Uppermost instrument is tape recorder for recording of 
Doppler sounds. Beneath it are two oscilloscopes for display of 
ECG and flow velocity curves (left) and for storage of vessel 
image built up by repeated passes of Doppler probe across 
vessels (right). Scan console beneath oscilloscopes house 
Doppler and ECG circuitry, loudspeaker module, and strip chart 
recorder for permanent recording of ECG and flow velocity 


tracings. 





Fig 3.—With patient in supine position, a 
rolled towel is placed beneath neck to 
extend it gently. Liberal amount of aque- 
ous gel is applied to skin to allow maximal 
transmission of ultrasound energy. Dop- 
pler probe being held by operator is 
secured to lower end of scanning arm by 
insertion through a plastic housing. 


RESULTS 


We have examined 270 patients 
using this technique. Of these, 86 
underwent transfemoral arteriogra- 
phy of both carotid bifurcations with- 
in several days. 

After excluding incomplete studies 
such as those in which arteriograms 
did not include multiple views of the 
earotid bifurcation, 146 carotid ar- 
terial systems were left for assess- 
ment of accuracy of the Spencer 
method. 

Recording of the appearance of the 
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Fig 4.—With the Doppler probe removed 
from its holder on scanning arm, operator 
can use it to evaluate flow direction in 
ophthalmic arterial system. Examination is 
carried out through closed eyelid. 


arteries and the interpretation of 
findings by each method was done 
independently without foreknowledge 
of the results of the other technique. 

Table 1 summarizes the correlation 
of the Doppler carotid scan with 
arteriography. 

Table 2 summarizes the correlation 
of bruits at the carotid bifurcation 
and stenoses indicated by Doppler 
imaging and the union sets of both 
with 77 moderate or severe stenoses at 
or near the carotid bifurcations seen 
on arteriogram. The Doppler scan 
achieved a much higher correlation 
with stenoses (86%) than did bruits 
alone (62%). If one includes those cases 





Fig 2.—Next to scan console is stretcher with scanning arm 
assembly suspended above it by a metal frame. 


where a bruit was found over a carotid 
artery that had a normal Doppler 
scan, the correlation with angiograph- 
ic stenoses increased to 94%, but 
resulted in a false positive rate of 22% 
in contrast to the 5% false positive 
rate with Doppler scan alone. 


COMMENT 


We often mislocated the level of a 
stenosis at the distal common carotid 
in the region of the bifurcation, think- 
ing that it lay in the bifurcation or 
origin of the internal or external 
carotid artery when in fact it was in 
the distal common carotid itself. Such 
cases were errors in localization and 
not of presence or absence of a lesion. 
Precise localization of the lesion is 
possible only in those cases where 
normal Doppler sounds are heard at 
the bifurcation and abnormal Doppler 
sounds are detected proximally and/ 
or distally. Poor rate of detection of 
external carotid lesions (63%) is likely 
to prove to be an artifact of scanning 
techniques because in the early cases 
of our series, failure to visualize the 
external carotid was incorrectly inter- 
preted as evidence of severe stenosis 
or occlusion. 

Occlusion of the common or internal 
carotid arteries was easily and reli- 
ably detected with the Doppler tech- 
nique. In the former, no image of the 
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Fig 5.—Top left, In normal carotid bifurcation, correlation between 
angiographic (a) and Doppler scan (b) images can be readily 
appreciated. Tracing (c) illustrates flow velocity tracing obtained 
from a normal ophthalmic arterial system, with an initial down- 
ward deflection after QRS complex indicating anterior direction 
of flow. 


Fig 6 —Top right, In presence of stenosis as indicated by arrow in 
internal carotid artery angiogram (a) Doppler sounds from vessel 
shift to a more harsh and high pitched quality than normal. 
Doppler image often appears relatively normal but in some cases 
a defect may be noted in the image at region of stenosis (b, 
arrows). With this degree of stenosis, ophthalmic artery flow 
direction is still normal (c). 


Fig 7 —Bottom left, Absence of filling of occluded internal carotid 
artery as seen by angiography (a, arrow) correlates with absence 
of Doppler flow detection along expected course of vessel (b, 
arrows). Ophthalmic artery flow velocity curve (c) has initial 
upward deflection after each QRS complex indicating reversal of 
flow in ophthalmic artery. 
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Table 1.—Correlation of Doppler Examinations With Angiography of Carotid 
Arteries (Common, Internal, External) That Were Normal, Stenosed, or 
Occluded on Angiography 


Normal BIF by Doppler 
Normal BIF by Angiography 


Confidence 


Artery No. % SE, % Limits 


Stenoses by Angiography 


Stenoses by Doppler 
Occlusion by 
Doppler 


Confidence Occlusion by 


% SE, % Limits Angiography 


R 55/56 98 94-100 /7 29 1 0-69 2/2 
L 55/58 95 88-100 /8 50 1 9-91 


L 45/55 82 71-93 9/12 75 1 46-100 


R 
R 20/32 63 
LEC 20/26 77 8 


44-81 
59-95 


19/27 70 
27/38 71 7 





CC 2 - 7 

CC 3 8 2/2 
IC 5 - 3 6/6 
EC 9 9 0/0 


51-89 
55-87 0/0 


Abbreviations are as follows: BIF, carotid bifurcation; SE, standard error; RCC, right common 
carotid: LCC, left common carotid; RIC, right internal carotid; LIC, left internal carotid; REC, right 


external carotid; LEC, left external carotid. 


Table 2.—Comparison of the Correlation of Bruit, Doppler Stenoses, and Their 
Union Set With Angiography* 





Correlation 


ny 95% Confidence 
Factor No. SE Limits 
Doppler stenosis 66/77 6 0-04 77-94 
Doppler stenosis 72/77 94 0-03 87-100 


*In 77 patients with angiographic evidence of moderate or severe stenoses at or near carotid 


bifurcation. 


Table 3.—Agreement of Doppler Results With Angiographic Results: A 
Comparison of Two Series 


Arte Our Series 


EC 106 
142 

IC 99 
144 


(75%) 3 
3 


(69%) 29 
41 


Spencer et al® 





Difference 


(84%) Not significant 


at P = .0 
Not significant 
at P = .05 


ry x2 
CC 118 (81%) 40 (98%) 6.54 Significant 
145 41 P< .01 
1 1.36 
7 5 


(71%) 0.06 


Abbreviations are as follows: x’ is x’ test statistic with 1 df. CC, common carotid artery; EC, external 


carotid artery; IC, internal carotid artery. 


bifurcation could be produced by scan- 
ning. In the latter, the internal carotid 
artery could not be imaged and flow in 
the ipsilateral ophthalmic artery was 
usually reversed. One must be aware 
of the possibility that in patients with 
extremely constricted flow channels, 
the width of the channel may be 
smaller than the Doppler instrument 
can detect and the ophthalmic artery 
flow may be reversed, giving the false 
impression of occlusion of the carotid 
artery. 

Our results are similar to those of 
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Spencer et al’ as can be seen in Table 
3. Our experience differed from that 
of Spencer et al’ in that we found a 
nonvisualized segment in an other- 
wise uninterrupted carotid artery 
image correlated well with angio- 
graphic stenosis. Spencer et al’ found 
the contrary, and suggested that this 
phenomenon was caused by calcified 
nonstenotic plaques. Both findings 
may be partially correct. 


CONCLUSION 


The Doppler scan appears to have 








great possibilities for screening pa- 
tients suspected of carotid artery 
disease. It is atraumatic, painless, 
quick, and allied health personnel can 
be trained to perform the test accu- 
rately. Arteries can be imaged repeat- 
edly to evaluate possible change in 
status. It has a high accuracy rate in 
the detection of severe stenoses and 
occlusions in the region of the carotid 
bifurcation. Further refinements in 
instrumentation and in techniques of 
scanning and interpretation should 
further enhance the accuracy of diag- 
nosis by this method and perhaps lead 
to similar techniques for evaluation of 
the subclavian and vertebral arteries 
or even the intracranial arteries. 


This investigation was supported by Public 
Health Service grant NINCDS 06655 and the 
Neurology Research and Development Fund of 
the Bowman Gray School of Medicine. 

George Howard gave technical assistance. 
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Symptomatic Intracranial Steal 


Vladimir Hachinski, MD, FRCP(C); John W. Norris, MD, MRCP, FRCP(C), 
Perry W. Cooper, MD, FRCP; John Marshall, MD, FRCP, DPM 


® The phenomenon of shunting of 
blood in association with various intra- 
cranial lesions is well known; however, 
usually clinical symptoms are attributable 
to the lesion and not to the redistribution 
of regional cerebral blood flow (rCBF). 

We report three patients investigated by 
angiography and rCBF studies in whom 
symptoms appeared to be due to a hemo- 
dynamic steal within one cerebral hemi- 
sphere, between hemispheres, and from 
the brain into a tumor, respectively. 

(Arch Neurol 34:149-153, 1977) 


ple Wilder Penfield’ first noted 
arterial blood in veins (“red 
veins”) after a focal epileptic seizure, 
a vast amount of literature has grown 
regarding phenomena variously 
termed “cerebral steal”, “postischemic 
cerebral steal,” and “intracranial 
steal.”*" These clinical and experi- 
mental observations usually refer to 
asymptomatic shunting of blood with- 
in one cerebral hemisphere in associa- 
tion with a lesion. The purpose of this 
communication is to report three cases 
illustrating patients who had symp- 
tomatic intrahemispheric, interhemi- 
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spheric, and extrahemispheric hemo- 
dynamic disturbances, respectively. 


REPORT OF CASES 


Case 1.—Two years prior to hospital 
admission, a 59-year-old right-handed 
woman had a sudden onset of a dense right 
hemiplegia and dysphasia and largely 
recovered in a matter of weeks. Three 
months later, she had a sudden right-sided 
weakness, numbness, and dysphasia. There 
were three further similar episodes, the 
last one persisting for several days. 

Each time the patient was made to 
hyperventilate, she became dysphasic and 
produced only halting words or syllables. 
The episodes of dysphasia also occurred 
spontaneously when the patient was 
anxious. 

A sodium pertechnetate Te 99m brain 
scan showed increased uptake in the left 
parietal area. An EEG showed a spike and 
slow wave focus from the same region. A 
left carotid angiogram demonstrated a 
small parietal arteriovenous malformation 
(Fig 1). The arterial blood supply was 
principally by a single large middle cere- 
bral artery branch. It also received a 
contribution from the left anterior cerebral 
artery and other middle cerebral artery 
branches. Venous drainage occurred via a 
single large early filling superior cortical 
vein flowing into the superior sagittal 
sinus. 

Cerebral blood flow (CBF) studies were 
performed by the intracarotid xenon-133 
technique.*'’ The mean hemispheric blood 
flow rate expressed as Fyrr (largely repre- 
senting flow rate through fast brain 
compartments in the first twe minutes) 
was 41.0 + 5.3 ml/100gm/min at a Paco, of 


34 mm Hg that is within normal limits for 
this technique.’ Arterial tissue peaks 
described in association with rapid flow 
rates through arteriovenous malforma- 
tions were seen in frontal and parietal 
areas both near to and remote from the 
malformation (Fig 1). Probes near the 
arteriovenous malformation and in the 
frontal area showed low cerebral blood flow 
values. During hyperventilation, the mean 
hemispheric flow rate decreased from 41 
ml/100gm/min at a Paco, of 34 mm Hg 
(Fig 1) to 32.5 ml/100gm/min at a Paco, of 
24 mm Hg (Fig 2). The flow rate in one 
probe failed to react to falling Paco.. The 
flow rate in another probe rose paradoxi- 
cally suggesting loss of reactivity to Paco, 
changes and a possible steal of blood from 
the neighboring motor-speech area or its 
underlying connections. 

At subsequent examination at craniot- 
omy, there was a slight adhesion of the 
dura to the parietal gyrus just behind the 
posterior central gyrus. The dura was de- 
pressed and marked by old hemosiderin 
pigmentation. A cyst lined by glial tissue 
contained a pyramidal-shaped arteriove- 
nous malformation in its posterior inferior 
wall. The cyst was opened and the arterio- 
venous malformation was removed. Micro- 
scopic examination showed continuity of the. 
angioma with superficial cortical vessels. 

Six days postoperatively, CBF studies 
were repeated. Hyperventilation failed to 
induce dysphasia. The patient did complain 
of a “funny feeling” in her hand during the 
maneuver. The mean hemispheric blood 
flow rate increased from 41.0 + 5.3 ml/ 
100gm/min at a Paco, of 34 mm Hg 
preoperatively to a mean hemispheric 
blood flow rate of 51.3 + 8.4 ml/100gm / 
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min at a Paco, of 32 mm Hg. Postopera- 
tively, the intrahemispheric steal phenom- 
enon was no longer demonstrable. The 
arterial shunt peaks disappeared from the 
frontal and parietal area but appeared over 
the carotid siphon region, where they can 
often be seen normally. 

Case 2.—This 42-year-old right-handed 
man was admitted to the National Hospi- 
tal,in February 1972 because of an increas- 
ing frequency of blackouts. Thirteen years 
prior to admission, the patient first experi- 
enced attacks whereby he would feel un- 
well, tense and fearful, his mouth would 
get dry, and if he had food in his mouth, it 
would taste like sawdust. His surroundings 
seemed to recede, but he still could hear 
what was going on around him. His wife 
said that he became agitated, flushed, and 
appeared confused for about half an hour 


after the episode. These episodes occurred 


approximately every month. 

The patient experienced a grand mal 
convulsion 12, 9, and four years prior to 
admission, respectively. 

Five years prior to admission, the 
patient had a severe bout of depression and 
was hospitalized and treated with electro- 
convulsive therapy. It was about this time 
that he complained of impairment of 
memory as illustrated by the fact that he 
had to write notes to himself on the job. 
Also at about this time, he became aware of 
a thumping of his left ear synchronous 
with his pulse. A bruit could be heard over 
the left ear. 

He was readmitted in February 1973 
because of an increasing frequency of 
seizures in spite of anticonvulsant therapy. 
He also complained of a left vertex head- 
ache. 

Examination results in February 1972 
showed a normal EEG. A radioisotope 
brain sean showed increased uptake in the 
left posterior temporal region. A pneu- 
moencephalogram demonstrated an inden- 
tation of the floor of the temporal horn of 
the left lateral ventricle due to a mass in 
the lower part of the anterior end of the 
temporal lobe. A left carotid angiogram 
showed a large left temporal arteriovenous 
malformation. 

In February 1973, an EEG showed sharp 
wave and slow wave complexes arising 
from the right temporal area. A radioiso- 
tope brain scan demonstrated an increased 
uptake in the left posterior temporal 
region (unchanged from the previous year). 
On left carotid angiographic examination, 
a left temporal arteriovenous malforma- 
tion was demonstrated (Fig 3). The main 
arterial supply was from the temporal 
branches of the left middle cerebral artery 
in the Sylvian fissure. The venous drainage 
was mainly through the left basal vein of 
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Fig 1.—Case 1, Regional cerebral blood flow (CBF) values are indicated by numbers in 
each probe representing milliliters per 100 grams per minute. A, B, C, D, and E indicate 
probes where arterial tissue peaks were seen. Arteriovenous malformation is shown 
within circle of white dots (labelled “angioma’’). pCO. represents Paco.; MABP, mean 
arterial blood pressure; and CBF yır’ initial cerebral blood flow values. 


Fig 2.—Case 1, Regiona! cerebral blood flow values after hyperventilation. pCO, 
indicates Paco.; MABP, mean arterial blood pressure; and CBF); initial cerebral blood 


flow values. 


pCO % 
MABP- 


Rosenthal. A right carotid angiogram 
produced filling of both anterior, right- 
middle, and right-posterior cerebral ar- 
teries. The left-sided malformation was 
seen to fill from anastomotic branches of 
the Circle of Willis. 


In the left hemisphere, the mean- 





weighted hemispheric blood flow (F) rate 
and the flow rate through the fast com- 
partment (F,) and slow compartments (F, ) 
of the brain were normal (Table).* The 
initial blood flow rate (F ixr), representing 
largely the flow rate through fast compart- 
ments, was also normal. There was no 
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Cerebral Blood Flow Rate in Milliliters per 100 Grams per Minute for Patient 2 
R 


R—L x 100* 


Lett Right vie TON 


Controls 

Mean hemispheric 

blood flow rate 
Initial blood flow rate 
Blood flow rate 

through fast compartments 
Blood flow rate 

through slow 

compartments 
Proportion in fast flow 

rate compartment, % 


Hemisphere Hemisphere 





*R indicates right hemisphere blood flow value; L, left hemisphere blood flow value. 


significant difference in the proportion 
(percent) of the fast flow rate compart- 
ment (W,) between the two hemispheres. 
There were no focal abnormalities of blood 
flow rate. 

In the right hemisphere, the hemispheric 
F, F,, F„ and Finy rates were within 
normal limits” but 20.3% to 32.4% lower 
than the left (L) hemisphere (Table). Right 
and left CBF studies were carried out at 
Paco, values of 43 and 40 mm Hg, respec- 
tively. This difference is accentuated if the 
Fyrr Value is corrected for Paco, changes 
(a difference of 28.8% as compared to 20.3% 
at uncorrected values).'’ Focal areas of 
decreased cerebral blood flow were found 
over the temporal area (Fig 4). 

Case 3.—This 50-year-old right-handed 


man was admitted for investigation of ` 


episodes of weakness and numbness of the 
right arm and right side of the face. 

About five years prior to admission, the 
patient began experiencing headache that 
appeared every two weeks, lasted several 
hours, and would begin occipitally, spread- 
ing forward, and involving both temples. 

Two years prior to admission, the head- 
aches were followed by a three-to-five- 
minute episode of sudden weakness and 
numbness of the right side of the face and 
the right arm. With the return of power, 
the headache would disappear. 

Three months prior to admission, a pres- 
sure feeling over the left temple that lasted 
three hours and that was followed by a 
five-minute episode of right-sided facial 
and upper-limb numbness and weakness 
developed. He had similar episodes two 
weeks, two days, and one day prior to 
admission. 

The findings of the neurological exami- 
nation were normal. There was no evidence 
of dysphasia or cortical sensory impair- 
ment. His blood pressure was 150/105 mm 
Hg in the right arm and 155/100 mm Hg in 
the left arm. 

An EEG showed a widespread, slow 
wave disturbance over the left hemisphere, 
accentuated by hyperventilation. A sodium 
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Fig 3.—Case 2, Left carotid angiogram showing large arteriovenous malformation. 


pertechnetate Tc 99m brain scan showed 
an increased uptake in the left parietal 
region. A left common carotid angiogram 
demonstrated a large, very vascular mass 
lesion over the midconvexity that received 
its blood supply mainly from the external 
carotid circulation via the middle menin- 
geal artery branches. During the time of 
measurement of CBF and just prior to the 
angiogram, the patient had one of his 
typical attacks of facial and right upper- 
limb numbness and weakness as well as 
dysphasia. The deficit cleared slowly over a 
period of about 13 hours. 

Cerebral blood flow studies were per- 
formed fortuitously during the above 
attack. Decreased blood flow was observed 
over an area roughly overlying the sympto- 
matic part of the brain (Fig 5). 

After the removal of a large menin- 
gioma, a mild right-hand and facial weak- 
ness were evident. In addition, there was 
right-sided tactile inattention and a mod- 
erate dysphasia. The blood supply from the 
external carotid artery branches had been 


clipped first. This made the blood supply of 
the meningioma wholly dependent on 
internal carotid branches, with the possi- 
bility of shunting of the blood into the 
tumor and production of ischemia, which 
may have contributed to the postoperative 
signs. 

Nine days postoperatively, he had a focal 
seizure involving the right arm and right 
side of the face. These focal seizures 
continued intermittently for one year. 


COMMENT 


In a recent article, Toole and 
McGraw’ reviewed the history, patho- 
physiology, and clinical features of 
subclavian and intracerebral steal 
syndromes. The authors emphasize 
that although steal phenomena may 
be present constantly, symptomatol- 
ogy may be intermittent because the 
needs of tissue fluctuate. Feindel et 
al? demonstrated in a case of arterio- 
venous malformation that deprivation 
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o% change compared to controls 


Hemispheric F 47.2 
MABP 9O0mmHg 


Fig 4.—Case 2, Regional cerebral blood flow (CBF) values of right hemisphere. F 
represents the mean hemispheric blood flow value in milliliters per 100 grams per minute. 
Numbers in probes are percentages by which each focal CBF value differs from 
hemispheric mean. Shaded circles show significant underperfusion in temporal area 
compared to controls.? pCO. indicates Paco, and MABP, mean arteria! blood pres- 
sure. 


Fig 5.—Case 3, Dotted lines show extent of meningioma. Probes A, B, and C correspond 
to low flow values in symptomatic area. Cerebral blood flow (CBF) values are expressed 
as milliliters per 100 grams per minute. pco, represents Paco... 


1) t= 


CBE, 44.1453 E mS 
MABP 115mmHg | 
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of blood flow distal to the lesion corre- 
lated with the patient’s neurological 
deficit. Case 1 suggests a similar 
intrahemispheric steal phenomenon. 
The episodes of dysphasia and right 
hemiparesis lasting hours probably 
represent a postictal phenomenon. 
This interpretation is strengthened 
by the presence of a spike and slow 
wave abnormality arising from the 
left parietal area. In addition, how- 
ever, the patient had episodes of an 
expressive type of dysphasia that 
could be induced by hyperventilating 
the patient. The CBF studies showed 
an area of decreased flow in the 
frontal area; with hyperventilation, 
there was very little reactivity in one 
frontal probe and paradoxical increase 
in another frontal probe to changes in 
Paco., raising the possibility of a steal 
phenomena from underlying or neigh- 
boring speech centers resulting in 
intermittent dysphasia. This interpre- 
tation is supported by the postopera- 
tive disappearance of the steal 
phenomenon and the fact that hyper- 
ventilation no longer induced a speech 
disturbance. Michelsen et al" also 
using an intracarotid xenon-133 tech- 
nique, described CBF changes before 
and after percutaneous embolization 
of three cases of arteriovenous mal- 
formation. They showed decreased 
shunting and increased blood perfu- 
sion after the embolization. Their 
patients also improved clinically. They 
concluded that the major symptoma- 
tology in arteriovenous malforma- 
tions that have not bled is due to 
ischemic changes of the brain tissue 
surrounding the malformation. 
Olivecrona and Riives” noted that 
injection of contrast medium in a 
carotid artery would sometime opaci- 
fy an arteriovenous malformation in 
the contralateral hemisphere. They 
suggested that the rapid circulation 
through the malformation sucked in 
blood not only from the homolateral 
but also from the contralateral carotid 
artery. Haggendal et al? by using an 
intracarotid injection radioactive 
tracer showed that the main blood 
supply to a post-traumatic arteriove- 
nous malformation in two of their 
patients came from the contralateral 
carotid artery.. Van Der Drift and 
Kok" suggested that ischemic 
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changes could take place in the side 
opposite a malformation. In one of the 
cases described by Prosenz et al, the 
perfusion through the hemisphere 
containing the arteriovenous malfor- 
mation was higher than in the contra- 
lateral hemisphere; 
symptoms could be attributed to the 
hemisphere with the lesser perfusion. 
Case 2 suggests that such underperfu- 
sion can be symptomatic. Although 
the mean CBF value was within 
normal limits in both hemispheres, 
compared to a group of controls, the 
hemisphere contralateral to the ar- 
teriovenous malformation (presum- 
ably the “donor” hemisphere) exhib- 
ited hemispheric values that were 20% 
or more below those of the affected 
hemisphere. This is in contrast of a 
normal interhemispheric cerebral 
blood flow difference of about 6%." 
The focal decrease of blood flow in the 
right temporal region suggests that 
the epileptogenic activity arising 
from that hemisphere was secondary 
to cortical damage from ischemia. The 
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EEG findings on the right side are not 
likely to represent an epileptogenic 
mirror focus because at no time was 
there any epileptogenic aetivity dem- 
onstrated from the left hemisphere. 
The cerebral blood flow determina- 
tions in patient 3 took place during 
one of the patient’s attacks of dyspha- 
sia and face and arm numbness and 
weakness. At that time, there ap- 
peared to be decreased perfusion over 
a cerebral area roughly corresponding 
to the patient’s symptoms. A selective 
internal carotid artery injection 
showed a small amount of contrast 
material penetrating the tumor, indi- 
cating that some blood from cortical 
branches was supplying the menin- 
gioma. This shunting of blood may 
have been causing the symptoms. It is 
not likely that the episode was epilep- 
tic in nature since an epileptie focus 
typically shows a dramatie increase in 
its blood supply“ instead of the 
decrease that was demonstrated in 
this patient. It is also unlikely that 
xenon entering the tumor would alter 
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the CBF analysis because such con- 
tamination would occur in all probes 
overlying the tumor whereas the focal 
changes were limited to an area 
considerably smaller than the extent 
of the meningioma and only partially 
overlapped by it (Fig 5). 

The term “intracranial steal” ap- 
plies to a number of different ways in 
which regional diversions of blood 
flow occur within the brain. Steals 
may be intrahemispheric, interhemi- 
spheric, or even extrahemispheric, and 
although they are usually asympto- 
matic, acute or chronic neurological 
symptoms may be produced. 
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Progressive Focal Deficit 


With Porencephaly 


William R. Leahy, MD, Harvey S. Singer, MD 


èe The association of porencephalic 
cysts with hydrocephalus was first cited in 
1939. Subsequent descriptions of this 
combination in terms of fixed, nonpro- 
gressive neurological problems have 
been reported. We describe four patients 
with hydrocephalus who had progressive 
focal motor deficits secondary to poren- 
cephalic diverticulation of the lateral 
ventricle. Symptoms of increased intra- 
cranial pressure were not a consistent 
finding in all patients. Enlargement of the 
porencephalic cyst is related to either a 
generalized increase in intraventricular 
pressure or to “hydrostatic” forces that 
may act independently. Computerized 
axial tomography has provided a noninva- 
sive technique that allows definition of the 
abnormality and its progression. Neuro- 
surgical intervention has resulted in clin- 
ical improvement in all patients studied. 

(Arch Neurol 34:154-156, 1977) 


orencephalic cysts are cavities 

located within the cerebral hem- 
ispheres that may communicate with 
the lateral ventricles. These cavities 
are either the result of a focal destruc- 
tive insult or of aberrant brain devel- 
opment. Clinical manifestations are 
usually fixed, nonprogressive neuro- 
logic deficits. The association of 
porencephalic cysts with hydrocepha- 
lus was first described by Northfield 
and Russell in 1939. Adams? recently 
discussed the pathophysiology of this 
complex and noted a paucity of clinical 
reports. This report describes four 
patients with varying degrees of 
hydrocephalus who had progressive 
focal motor deficits secondary to 
porencephalic diverticulation of the 
lateral ventricles. The importance of 
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early recognition of this disorder 
resides in its potential for producing 
progressive neurologic deficits that 
can respond readily to appropriate 
treatment. 


REPORT OF CASES 


Case 1.—This patient was a product of an 
uncomplicated pregnancy, labor, and de- 
livery. At 3 hours of age, he had a focal 
left-sided seizure. Investigative studies 
included a lumbar puncture, with xantho- 
chromia, and an EEG showing focal right- 
sided seizure activity. He was given anti- 
convulsants therapy, which resulted with 
fair control of his seizures. At 14 months of 
age, the patient was referred to Johns 
Hopkins Hospital after the development of 
infantile spasms and a hypsarrhythmic 
EEG. Examination showed a mild left 
hemiparesis affecting both the upper and 
lower extremities. Head circumference 
was in the 50th percentile, with excessive 
transillumination over the right frontal 
region. Cerebral angiography demon- 
strated a right frontal mass with contralat- 
eral shift of the ventricle that on pneu- 
moencephalography proved to be a massive 
right frontal cyst communicating with the 
right lateral ventricle. Mild communicating 
hydrocephalus was also present. He was 
given an adrenocorticotropic hormone and 
diminution of seizure frequency resulted. 
Five days after discharge, fever and irrita- 
bility developed. Examination showed nu- 
chal rigidity, bilateral papilledema, a right 
sixth-nerve paresis, and an increase in the 
left hemiparesis. Cushing triad, including 
increased blood pressure, bradycardia, and 
abnormal respirations, was present. Emer- 
gency shunting of the right porencephalic 
cyst to the peritoneum produced consid- 
erable relief of the hemiparesis and intra- 
cranial hypertension. The patient was 
discharged on a regimen of phenytoin and 
phenobarbital. Subsequent examinations 
during the next two years showed no 
further seizures, resolution of the left 
hemiparesis, and normal mental develop- 
ment. Computed axial tomography on a 
follow-up visit showed persistent poren- 
cephaly but normal ventricles. 








Case 2.—A 4-month-old boy was admit- 
ted for evaluation of a rapidly expanding 
head circumference and left hemiparesis. 
The patient’s birth weight was appropriate 
for an infant born at seven months gesta- 
tion. The neonatal course had been compli- 
cated by a mild respiratory distress 
syndrome. After discharge from the nur- 
sery, the child’s development appeared to 
be progressing normally. On examination, 
his head circumference was 40.5 em (25th 
percentile), with a length and weight in the 
3rd percentile; also noted were hypertonic- 
ity in the left upper and lower extremities, 
accompanied by hyperreflexia and an 
extensor plantar response. An arteriogram 
and pneumoencephalogram showed severe 
hydrocephalus, with a large porencephalic 
cyst communicating with the left frontal 
horn (Fig 1). A left ventriculoperitoneal 
shunt was performed, resulting in resolu- 
tion of the hemiparesis. Examinations 
during the subsequent three years have 
shown normal physical and mental devel- 
opment and no abnormal neurologic find- 
ings. 

Case 3.—A 3-year-old boy was admitted 
because of frequent falling, dragging of 
the right foot, and an enlarging head. The 
child was the product of a full-term preg- 
nancy complicated by vaginal bleeding 
throughout gestation. He was an alert, 
active, left-handed child with a head 
circumference of 55 cm (greater than the 
90th percentile). He had a mild right hemi- 
paresis, with a supranuclear right facial 
paresis and increased tone in the upper and 
lower extremities, with circumduction of 
the right leg. Computed axial tomography 
showed a left cerebral cyst originating 
from the temporal horn of the left lateral 
ventricle, with moderate bilateral ventric- 
ular enlargement (Fig 2). The child was 
discharged because it was thought the 
lesion was stable, but he was readmitted 
two months later because of progression of 
the hemiparesis, with occasional episodes 
of vomiting and irritability. The head 
circumference on readmission had in- 
creased by 2.5 cm. A pneumoencepha- 
logram demonstrated an enlarged ventric- 
ular diverticulum as well as dilated lateral 
ventricles. Ventriculoperitoneal shunting 
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was performed, and subsequent clinical 
visits have demonstrated resolution of the 
hemiparesis except for minimal cireumduc- 
tion of the leg. A computed axial tomo- 
graphic study six months after shunting 
showed small ventricles with a persisting 
cyst (Fig 3). 

Case 4.—A 2'5-year-old child was admit- 
ted for vomiting, lethargy, unsteadiness, 
and head enlargement. At 2 months of 
age, the child was treated for pneumococcal 
meningitis with subsequent sequelae that 
included seizures, a porencephalic cyst, and 
mild hydrocephalus demonstrated by ar- 
teriography. On admission, head circum- 
ference was 56.5 cm (greater than the 90th 
percentile), with an area of positive trans- 
illumination in the right frontal region. 
Examination demonstrated irritability, 
papilledema, and a left hemiparesis, with 
hypertonicity and increased muscle stretch 
reflexes. A ventriculogram showed mas- 
sive communicating hydrocephalus, with a 
frontal diverticulum of the right lateral 
ventricle. A ventriculoperitoneal shunt was 
placed, and follow-up examinations during 
the ensuing three years have shown stabil- 
ization of the head growth and complete 
resolution of the hemiparesis. 


COMMENT 


The term “porencephaly” was first 
used by Heschl in 1859 to describe 
defects in the cerebral mantle in 
communication with both the ventric- 
ular system and the subarachnoid 
space. The term has subsequently 
been used to include a variety of 
anatomic conditions resulting in con- 
fusion. In this report, porencephaly 
has been used in a restricted sense to 
include focal diverticulation of the 
lateral ventricle, with free communi- 
cation of the CSF. This focal damage, 
secondary to an abnormality of adja- 
cent cerebral tissue, may be the result 
of developmental malformations or 
more commonly, secondary to a de- 
structive process (vascular, inflamma- 
tory, or traumatic). These destructive 
factors, in addition to affecting ven- 
tricular areas, may disrupt CSF flow 
and produce a communicating hydro- 
cephalus. 

The clinical manifestations of focal 
ventricular dilation (porencephaly) 
are related to the area of cerebral 
tissue affected and usually include 
focal motor abnormalities, cranial 
asymmetry, and seizures."-' If the cyst 
is strategically placed, there can be 
signs of progressive focal deficit if it 
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Fig 1.—Pneumoencephalogram of patient 2 illustrating enlargement of both lateral 


ventricles (V) and large porencephalic cyst (C). 


enlarges due to increased pressure 
within its walls. If the cyst is smaller 
or in a different location, the principal 
manifestations will be those of hydro- 
cephalus or intracranial hypertension 
should intraventricular pressure be 
elevated. The evidence that one is 
dealing with a dynamic progressive 
rather than a static problem is best 
confirmed by careful follow-up exami- 
nations. 

Laboratory diagnosis of a porence- 
phalic cyst associated with hydroceph- 
alus requires neuroradiologic investi- 
gations that may include radioisotopic 
cisternography,’ cerebral angiogra- 
phy, or pneumoencephalography. In 
our experience, computed axial to- 
mography has afforded the clinician a 
noninvasive technique to clearly de- 
fine this entity.** In addition, this 


test avoids the potential risks noted 
with pneumoencephalography. If neu- 
rosurgical intervention is indicated, 
air encephalograms should be per- 
formed to determine whether the cyst 
communicates with the ventricle. This 
information is necessary for shunt 
placement. 

Previously described patients with 
porencephalic cysts and hydrocepha- 
lus have either remained clinically 
stable or have deteriorated secondary 
to general expansion of the ventric- 
ular system. In our patients, progres- 
sive findings consisted of the worsen- 
ing of a focal motor deficit or evidence 
of intracranial hypertension. Both of 
these findings resolved after shunting 
of the CSF. In cases 1 and 4, symp- 
toms of acutely increased intracranial 
pressure dominated the progression of 
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Fig 2.—Computed axial tomography of patient 3 prior to shunting. 
Enlargement of both lateral ventricles (V) and communicating 
porencephalic cyst (C) are noted. 


the focal motor deficit. In these 
instances, enlargement of the diverti- 
culum is thought to be secondary to 
increased intraventricular pressure. 
In case 3, the patient had evidence of 
increased intracranial pressure, how- 
ever, the clinical manifestation of 
progressive hemiparesis was the most 
impressive finding. The mechanism 
for the porencephalic enlargement in 
case 3 is probably similar to cases 1 
and 4, ie, increased intraventricular 
pressure; however, Adams et al** have 
speculated that hydrostatic forces 
may act independently to enlarge the 
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Fig 3.—Computed axial tomography of patient 3 illustrating 
anatomy after shunting of ventricle (V). As compared to Fig 2, 


porencephalic cyst (C) has diminished in size. 


diverticulum without increased intra- 
cranial pressure. 

In patients with a static hemipare- 
sis, the pathophysiologic change is 
secondary to a destruction of moto- 
neurons or their axons. In cases of an 
expanding progressive porencephalic 
diverticulum with focal symptoms, it 
is proposed that, similar to hydroceph- 
alus, the cerebral white matter is 
compressed with resultant fluid ac- 
cumulation, myelin disruption, and 
gliosis.” 

Contrary to Adams’ statement that 
the incidence of porencephalic cysts 
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Macular Cherry-Red Spots 


and £-Galactosidase Deficiency in an Adult 


An Autopsy Case With Progressive Cerebellar Ataxia, Myoclonus, Thrombocytopathy, 
and Accumulation of Polysaccharide in Liver 


Yoshiyuki Suzuki, MD; Norimasa Nakamura, MD;Yukihiko Shimada, MD: 
Hideki Yotsumoto, MD; Hisako Endo, MD; Kazuo Nagashima, MD 


® An adult patient with macular cherry- 
red spots, a gargoyle-like physical ap- 
pearance, cerebellar ataxia, myoclonus, 
convulsive seizures, and pyramidal tract 
signs showed a profound deficiency of £8- 
galactosidase in liver and brain. Throm- 
bocytopathy of undetermined etiology 
was evident since childhood, and the 
patient died of intracranial bleeding at age 
22. Cerebral ganglioside pattern was 
normal. Hepatic mucopolysaccharides 
were not increased. G,,,-gangliosidosis 
and mucopolysaccharidosis were ruled 
out by those analytical data. However, a 
large amount of amylopectin-like polysac- 
charide was found to be accumulated in 
liver. Hepatocytes contained numerous 
inclusion bodies with granulofibrillary 
structure similar to Lafora bodies, corpora 
amylacea, and inclusion bodies in glyco- 
genosis type IV. This case seems to repre- 
sent a new inborn metabolic disease 
closely related to G,,.-gangliosidosis and 
mucopolysaccharidosis. The primary 
metabolic defect is not known at pres- 
ent. 

(Arch Neurol 34:157-161, 1977) 
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ur gangliosidosis is a well estab- 
lished hereditary disease char- 
acterized by progressive psychomotor 
deterioration, macular cherry-spots, 
gargoyle-like physical changes, and 
generalized £-galactosidase deficien- 
cy with storage of ganglioside G,,, in 
infancy.'-' Cases of later onset are also 
reported with less conspicuous clinical 
manifestations. These patients (late 
infantile or juvenile G,,,-gangliosido- 
sis) do not have macular cherry-red 
spots or gargoyle changes. 

Recently a few reports have ap- 
peared of adult patients with macular 
cherry-red spots, cerebellar ataxia, 
myoclonus, mild gargoyle features, 
and £-galactosidase deficiency in vari- 
ous tissues.“ The primary biochem- 
ical abnormalities in these cases are 
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not yet clarified. It has been assumed 
that they may represent a variant 
type of G,,,-gangliosidosis. In this 
report we describe a similar case, with 
postmortem biochemical investiga- 
tions. 


REPORT OF A CASE 


The patient, a Japanese man, showed 
apparently normal psychomotor develop- 
ment in infancy and childhood. School 
results were below the average. Frequent 
episodes of epistaxis were noted since & 
years of age. Impairment of visual acuity 
was found when he was 15 years old. Oph- 
thalmologic examination at the age of 16 
revealed corneal opacity, macular cherry- 
red spots, and color blindness. His height 
was 158 em (Japanese average, 167.5 cm) 
and weight was 50.5 kg (Japanese average, 
57.6 kg). He had coarse facies, with slight 
hypertelorism, a saddle-shaped nose, and 
thick lips. A systolic heart murmur was 
audible at the apex. An umbilical hernia 
and slight conduction deafness were also 
found. The liver and spleen were not palpa- 
ble. There were no abnormal neurological 
findings. 

The parents were first cousins. The 
father had color blindness. One of two 
sisters died at the age of 10 due to massive 
nasal bleeding. The other sister is living 
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and healthy. 

Results of peripheral blood counts and 
urinalysis were normal. However, periph- 
eral lymphocytes presented vacuolar cyto- 
plasmic changes. Results of serum electro- 
lytes, total protein, cholesterol, acid and 
alkaline phosphatases, transaminases, and 
urea nitrogen were all normal. Numerous 
foam cells were present in the bone 
marrow. 

The vertebral bodies were slightly dys- 
plastic, but there were no marked deformi- 
ties. The lumbar spine was scoliotic. The 
pelvic cavity was small. The CSF protein 
level was 37 mg/100 ml. The EEG and 
electromyogram (EMG) were normal. The 
IQ was 92. Biopsy of the conjunctiva 
revealed vacuolar changes in epithelial 
cells. Repeated urinary examinations re- 
vealed no mucopolysaccharides qualitative- 
ly and quantitatively. 

The results of hematological investiga- 
tions of bleeding tendency were as follows; 
platelet counts 220 x 10' cu/mm, normal 
morphology, bleeding time more than 20 
minutes, coagulation time 8 minutes, 
prothrombin time 17 seconds, partial 
thromboplastin time 61.5 seconds, platelet 
factor 3 30%, aggregation with adenosine 
diphosphate (ADP) negative, and clot 
retraction within normal limits. These data 
indicated thrombocytopathy of undeter- 
mined etiology. 

Grand mal seizures appeared in 1967 (16 
years), and the patient developed a distur- 
bance of gait with pyramidal tract signs 
involving lower extremities. Vibration 
sense was moderately impaired. In 1969 
ballism-like movements of the legs were 
observed. In 1972 (21 years) the patient 
developed intention tremor and scanning 
speech, and the gait was severely ataxic. In 
January 1973, at the age of 22, he fell down, 
became unconscious, and died six days 
later from intracranial bleeding. 


PATHOLOGICAL FINDINGS 
Gross 


The skin was lustrous, firm, and whitish 
with hypotrichosis. All of the heart valves 
showed slight thickening with nodular 
changes at the valvular base. The interver- 
tebral disks were thin, and the bone trabe- 
culae were increased in the vertebral 
bones. The brain weighed 1,340 gm. Fresh 
subdural hemorrhage was present over the 
left cerebral hemisphere. Fresh hemor- 
rhage was also found in the subthalamus 
and brain stem. The other organs were 
grossly normal. 


Light Microscopy 


The skin was slightly thick due to in- 
creased collagenous fibers. Fibroblasts 
were increased in the heart valves, and 
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there was a granular substance in the 
cytoplasm that was PAS-positive and 
showed metachromasia for toluidine blue. 
A few fibroblasts with these cytoplasmic 
inclusions were also found in the skin and 
cornea. Macrophages in lymph nodes, liver, 
bone marrow, and spleen showed foamy 
changes. Some of these showed positive 
staining with PAS, Sudan III, and Sudan 
black B. Swollen neurons were seen in the 
hypoglossal nucleus, the nucleus of the 
fasciculus gracilis, the retina, anterior 
horns of the spinal cord (Fig 1), posterior 
root ganglia, sympathetic ganglia, the 
peripheral nerve plexus of digestive tract, 
the cerebral cortex, and basal ganglia. 
These stained positive with PAS, Sudan 
III, Sudan black B, and Luxol fast blue, and 
were stained slightly orange by Okamoto’s 
glycolipid reaction and Bial reaction. Loss 
of neurons, gliosis, or demyelination was 
not substantially observed. Cultured skin 
fibroblasts contained many intracytoplas- 
mic granules that stained metachromati- 
cally with toluidine blue. 


Electron Microscopy 


Numerous vacuolar structures bounded 
by a unit membrane and containing fine 
granular and fibrillary material, some- 
times a few ring-like structures or electron 
dense globules, were found in the fibro- 
blasts of the skin and of cardiac valves, and 
in glomerular podocytes, lymphocytes, and 
macrophages in the lymph nodes. The 
hepatocytes contained inclusion bodies of 
another type; these were bounded by a 
thickened limiting membrane, with rela- 
tively dense and fine granulofibrillary 
materials, sometimes with more dense 
nodules in the inclusions (Fig 2). Membra- 
nous cytoplasmic bodies and zebra bodies 
were found in some nerve cells. The details 
of the pathological study are reported else- 
where.’ 


BIOCHEMISTRY 
Materials and Methods 


The tissues obtained at autopsy were 
kept frozen at —20 C until the time of the 
chemical analysis. Lipid analysis was 
performed as described in previous re- 
ports,” after extraction with chloroform- 
methanol (2:1, v/v). The nonlipid fraction 
was also analyzed. The chloroform-metha- 
nol insoluble residue was again homoge- 
nized with 10 vol of chloroform-methanol 
(1:2, v/v). The lipid-free residue thus 
obtained was digested by pronase in 0.1M 
phosphate buffer (pH 7.5) at 37 C for 48 
hours. After deproteinization with trichlo- 
roacetic acid, the digested solution was 
washed three times with ethylether, was 
desalted by gel filtration through a column 
(Sephadex G-10), and mucopolysaccharides 





were precipitated by adding cetylpyridin- 
ium chloride (CPC). The precipitate (muco- 
polysaccharides) and the supernatant (gly- 
copeptides and other polysaccharides) were 
further analyzed for carbohydrates. 

Polysaccharide fraction was obtained 
also by potassium hydroxide digestion 
followed by ethanol precipitation.” 

Lysosomal enzymes were assayed as 
described elsewhere." 


RESULTS 


Lipid Analysis.—No specific abnor- 
malities were found in the brain and 
the liver. The ganglioside pattern was 
normal in the brain, and therefore all 
forms of ganglioside storage diseases 
were excluded. 

Mucopolysaccharides in Liver (Table 
1).—The uronic acid content in the 
patient’s liver was slightly high, but 
relatively less than that in a case of 
Hunter syndrome. This result rules 
out the possibility of mucopolysac- 
charide storage diseases. 

Analysis of CPC Nonprecipitable 
Fraction (Table 2).—A specific increase 
of hexose was found in the liver of the 
patient. Subsequent gel filtration re- 
vealed a large anthrone-positive peak, 
which was mainly composed of glu- 
cose. This peak was not seen in the 
liver of Hunter syndrome. 

Hepatic Polysaccharides (Table 3).— 
Hepatic polysaccharides were ex- 
tremely high in the patient. The poly- 
saccharide of the cerebral gray matter 
was not substantially increased in the 
patient. This polysaccharide consisted 
almost exclusively of glucose. 

Lysosomal Enzymes (Table 4).—/- 
Galactosidase activity was specifically 
low in the liver and the cerebral gray 
matter (10% to 15% of the control 
mean). G,,,-f-galactosidase was also 
deficient in the liver. The polysac- 
charide extracted from the patient’s 
liver did not inhibit -galactosidase 
activity of control liver in vitro. Other 
lysosomal enzymes were normal in 
activity. 


COMMENT 


Clinically, this patient had the signs 
and symptoms of both sphingolipi- 
dosis and  mucopolysaccharidosis. 
Slowly progressive neurological dete- 
rioration with macular cherry-red 
spots can be regarded as a clinical 
manifestation of the sphingolipidoses. 
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thoracic spinal cord, filled with storage 


materials in cytoplasm in various density (Luxol fast blue, x 220). 


Fig 2.—Large inclusion body in cytoplasm of hepatocyte bounded by thickened limiting 


membrane and consisting of fine and relativel 
dense clump of this material is shown in u 


(x 1,670). 





Macular cherry-red spots are gener- 
ally considered to be one of the 
specific signs of gangliosidoses and 
other lipid storage diseases. However, 
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they appear only in the early onset 
(infantile) cases, and the patients with 
late onset (late infantile and juvenile) 
do not show these macular 


changes.'** Macular cherry-red spots 
have been reported, however, in 
several juvenile and adult patients 
who had neurological abnormalities 
similar to those in this case (cerebellar 
ataxia, myoclonus, and pyramidal 
tract signs).*6:!-" 

From a review of literature on juve- 
nile and adult cases with macular 
cherry-red spots, two clinically dis- 
tinct groups can be distinguished. The 
first group*®'' is characterized by 
macular cherry-red spots, mild facial 
abnormalities of gargoyle type, bony 
deformities, corneal opacity, and slow- 
ly progressive cerebellar ataxia and 
myoclonus. Vacuolated lymphocytes 
are present, and f-galactosidase is 
deficient in various tissues. The 
second group'''* manifests itself as 
slowly progressive CNS disease with 
macular cherry-red spots, cerebellar 
ataxia, and myoclonus. A gargoyle 
appearance and vacuolation of lym- 
phocytes are not present; B-galacto- 
sidase activity is normal. These two 
groups may represent the diseases of 
biochemically different etiology, al- 
though the neurological manifesta- 
tions seem to be very similar ac- 
cording to the descriptions in the clin- 
ical reports. At present no further 
information is available as to the 
etiology and interrelationship of these 
two groups. 

The present case belongs to the first 
group in the classification given 
above. Lysosomal enzymes were not 
assayed on blood cells or urine. Post- 
mortem tissue specimens showed a 
profound deficiency of f-galactosid- 
ase in liver and brain. These findings 
prompted us to carry out the chemical 
analysis of these tissues for ganglio- 
sides and mucopolysaccharides. As 
shown in the results, the ganglioside 
pattern in cerebral gray matter was 
normal and G,,, was not increased. 
Hepatic mucopolysaccharides (as CPC 
precipitable uronic acid) were also 
normal or only slightly increased. 
These analytical data exclude the 
possibility of G,,,-gangliosidosis or 
mucopolysaccharidosis. Yamamoto et 
al raised the possibility of late onset 
G,,,-gangliosidosis in a clinically simi- 
lar case because of physical character- 
istics, neurological abnormalities, and 
B-galactosidase deficiency. However, 
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Table 1.—Mucopolysaccharides 
in Liver” 


Hunter 
Syn- 


Patient drome Control 


(22 yrs) (18 yr) Subjects; 

Uronic acid 0.69 7.96 0.07 
(0.02-0.12) 

Hexosamine 0.32 5.43 0.11 
(0.09-0.18) 

Hexose 0.18 1.32 0.16 
(0.03-0.58) 


*Expressed as milligrams per gram of chloro- 
form-methanol insoluble residue. 

Control subjects include the patients with 
cerebral palsy, osteosarcoma, Marfan syn- 
drome, brain tumor, and infantile spasms (5 to 22 
years). 









Patient 








B-galactosidase 










Arylsulfatase A 111.0 





Enzyme unit:nmoles/mg protein/hour. 





Table 4.—Tissue Lysosomal Enzymes 


Liver Cerebral Gray Matter 
OOOO 
Controls (N = 7) 





4MU 28.0 229.0 (108-306) 4.1 32.9 (18.0-42.6) 

Gin 7.1 79.4 (35.9-143) 

CMH » » 0.33 0.36 (0.14-0.83) 
a-galactosidase 49.8 46.4 (18.2-103) 22.2 13.7 (7.0-19.7) 
£-giucosidase 34.1 10.6 (3.6-38.0) 5.8 7.8 (5.4-9.4) 
a-glucosidase 146.0 125.0 (90-355) 67.7 24.9 (16.3-33.8) 
a-fucosidase 348.0 228.0 (117-538) 48.9 47.3 (23.0-75.8) 
a-mannosidase 64.9 34.7 (8.8-68.4) 9.7 8.1 (3.6-20.4) 
N-acetyl-£-glucosaminidase 1,870.0 1,285.0 (650-1 ,950) 846.0 378.0 (165-529) 


f£-glucuronidase 426.0 303.0 (176-443) 12.6 6.1 (4.5-11.4) 
112.0 (55-172) 





Table 2.—Sugars in CPC 


Nonprecipitable Fraction (Liver)* 


Hunter Control 
Syn- (Cerebral 
Patient drome Palsy, 
(22 yr) (18 yr) 18 yr) 
Hexose 130.0 35.5 33.0 
Hexosamine 6.1 15:5 5.4 
Sialic acid 3.6 4.9 3.1 


*Expressed as milligrams per gram of chloro- 
form-methanol insoluble residue. 


Patient Controls (N = 7) 


13.4 27.0 (12.5-44.9) 





Substrates:4-methylumbellifery! (4MU) derivatives except for G,,, -galactosidase (G,,,), galacto- 
cerebrosidase (CMH: galactocerebroside), and arylsulfatase A (p-nitrocatechol sulfate). 


it is unlikely that the adult type of 
G,,,-gangliosidosis could present mac- 
ular cherry-red spots or gargoyle 
features because even the late infan- 
tile or juvenile cases are known to lack 
these specific physical changes as 
contrasted to the infantile cases.'* The 
present case showed changes charac- 
teristic of storage in some localized 
regions in the nervous system. Only a 
few neurons were so affected in the 
cerebral cortex. The stored substance 
in spinal ganglia was identified as 
lipid histochemically, but analytical 
data are not available. On the whole 
the morphologie changes in the ner- 
vous system in this patient were quite 
different from those in gangliosido- 
sis? or mucopolysaccharidoses.'* The 
macular cherry-red spots were proba- 
bly the result of the retinal storage. 
The eyes were not examined at 
autopsy. 

The clinical course, physical find- 
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ings, and laboratory data including 
normal mucopolysaccharide excretion 
in urine may allow classification of 
this case as mucolipidosis.*’ Similar 
previous cases have been reported as 
“a ease resembling mucolipidosis I™ 
or “a new type of mucolipidosis.”° 
However, the concept of mucolipidosis 
I (lipomucopolysaccharidosis)*" is not 
strictly delineated, and it seems to be 
difficult to establish a clinical diag- 
nosis in these cases. 

The cause of the f-galactosidase 
deficiency is not clear in this case. 
Free inhibitors were not detected by 
mixing experiments using tissue ho- 
mogenates. The trials to restore 
hepatic B-galactosidase activity were 
not successful. It is possible that the 
inhibitors like mucopolysaccharides 
may have changed the molecular 
structure of B-galactosidase and may 
have caused an irreversible inactiva- 
tion of this enzyme.*! The polysac- 


Table 3.—Total Polysaccharides 
in Liver and Brain* 


Poly- 
saccha- 
Age, yr rides 
Liver 
Patient 
Hunter 
syndrome 
Purulent 


meningitis 
Unknown 
myopathy 
l-cell disease 
Cerebral palsy 
Osteosarcoma 
Brain 


Patient 

Hunter 
syndrome 

Cerebral palsy 

Pneumonia 

Cerebral palsy 





*Expressed as percent of tissue wet weight. 


charide from the patient’s liver did 
not inhibit £-galactosidase activity in 
vitro. It seems unlikely that this poly- 
saccharide could play an inhibitory 
role in situ, as it is composed almost 
exclusively of glucose, and not galac- 
tose, although the possibility is not 
completely excluded that a small 
portion of this compound might con- 
tain a structure having a deleterious 
effect on £-galactosidase molecules in 
the living cells. In some cases with 
similar clinical manifestations, £- 
galactosidase was deficient in leuko- 
cytes, but was normal in plasma.” The 
parents of these patients showed 
normal activity of this enzyme in both 
leukocytes and plasma. Activity of 
this enzyme was variable in the 
tissues of the patients in the litera- 
ture. These facts seem to indicate that 
deficient activity of f-galactosidase 
could be a secondary abnormality in- 
duced by other biochemical defects. 
The ultrastructure of the hepatic 
inclusion bodies is similar to that of 
the stored materials in hepatocytes of 
glycogen storage disease type IV,” 
Lafora bodies in neurons of myoclonus 
epilepsy,” and corpora amylacea in 
astrocytes in the senile brain.” Simi- 
lar inclusion bodies have also been 
described as neuronal and extraneu- 
ronal deposits in presenile dementia” 
and myocardium, skeletal muscle, 
liver, and kidney in cases of cardio- 
skeletal myopathy.” All these mate- 
rials have a fine granulofibrillary 
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appearance morphologically, although 
localization and distribution differ 
among the various diseases. Biochem- 
ical analysis has identified the stored 
substance as an amylopectin-like poly- 
mer of glucose (polyglucosan).:*’ The 
polysaccharide obtained from the liver 
in our patient also reacted like an 
amylopectin biochemically. The iodine 
spectrum was shifted to a longer 
wave-length than that of glycogen, 
and the degree of branching was 
smaller. The origin and the biochem- 
ical importance of these polysaccha- 
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rides have not been clarified yet, 
except for the apparent relationship 
between the deficiency of branching 
enzyme and polysaccharide storage in 
glycogenosis type IV."' Some common 
or closely related biochemical abnor- 
malities may be present in all those 
cases including our present case, 
although they would not necessarily 
be the primary genetic defects. No 
data are available as to the £-galacto- 
sidase in the previously reported cases 
with similar cytoplasmic deposits. 
The mild gargoyle changes might 
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be due to disturbed metabolism of 
complex carbohydrates other than 
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could cause the thrombocytopathy 
that was prominent in this patient. 
The abnormality of membrane glyco- 
proteins seems to be another possi- 
bility to be searched for further. 
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Phenytoin and Cerebellar Lesions 


Similar Effects on Cerebral Catecholamine Metabolism 


Stuart R. Snider, MD, Ray S. Snider, PhD 


è Phenytoin has been shown to inhibit 
catecholamine (CA) metabolism in vitro. 
The present investigation examined its 
longer-term in vivo effects in rats. Pheny- 
toin 100 mg/kg/day for two weeks, 
caused an increase in hindbrain norepi- 
nephrine (NE) concentration, a slight 
decrease in forebrain NE concentration, 
and little change in dopamine (DA) levels. 
The turnover rates of forebrain DA and NE 
estimated by synthesis inhibition, were 
increased by 70% and 100%, respectively. 
Surgical lesions of the anterior cerebellar 
vermis produced similar (but not additive) 
increases in turnover. It is concluded that 
long-term phenytoin use stimulates CA 
metabolism in the forebrain and that this 
effect may be mediated indirectly by the 
cerebellar vermis. l 

(Arch Neurol 34:162-167, 1977) 


BY long-term phenytoin adminis- 
tration and electrical stimula- 
tion of the cerebellum'* suppress or 
prevent cerebral convulsive activity. 
Elevation of levels and increased turn- 
over of brain norepinephrine (NE) or 
dopamine (DA) also suppress seizure 
activity.’ This has suggested the 
possibility that some or all of the 
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anticonvulsant action from cerebellar 
stimulation’ and phenytoin therapy’ 
may be mediated by changes in cate- 
cholamine (CA) metabolism. Measure- 
ments of CSF norepinephrine levels in 
patients undergoing cerebellar stimu- 
lation have in fact shown substantial 
(50%) increases in NE levels over base- 
line levels.‘ Similar measurements of 
CSF norepinephrine during phenytoin 
administration are not available, but a 
number of animal studies indicate 
that CA may also be involved in its 
anticonvulsant effect.’ i 

In experimental animals, both cere- 
bellar stimulation? and phenytoin 
treatment may inhibit firing of cere- 
bellar Purkinje cells. The reduced 
Purkinje cell activity may be respon- 
sible for increased cerebral NE turn- 
over by disinhibition of the fastigioce- 
ruleus pathway’ and increased NE 
release in locus ceruleus projection 
areas.” 

If this mechanism was responsible 
for the anticonvulsant effect of both 
phenytoin and cerebellar stimulation, 
then both phenytoin administration 
and an appropriately placed cerebellar 
lesion should result in an increase in 


cerebral NE turnover. Further, since. 


fastigioceruleus and ceruleus projec- 
tions are uncrossed,” a unilateral cere- 
bellar cortical lesion should cause an 
increase in cerebral NE turnover on 
the side of the lesion, and phenytoin 
administration, if acting via the cere- 
bellum, should not cause an additional 


increase in NE turnover in animals 
with cerebellar lesions. In the present 
study, these hypotheses were investi- 
gated. To more closely approximate 
the steady-state alterations that may 
occur in patients, phenytoin was given 
in a single dose orally for two weeks, 
and CA levels were measured 18 hours 
after the last dose. Because of an 
interaction with catecholaminergic 
mechanisms, serotonin (5-HT) and 
gamma aminobutyric acid (GABA) 
levels were also measured. 


MATERIALS AND METHODS 


Groups of at least eight male Sprague- 
Dawley rats, 200 gm each, were treated in 
the following ways: (1) controls received 1% 
methyl cellulose orally via a force-feeding 
tube for two weeks, (2) rats receiving 
phenytoin treatment received 15, 50, or 100 
mg/kg of the drug suspended in methyl 
cellulose daily for two weeks, (3) one group 
of rats with cerebellar cortical lesions 
received 1% methy! cellulose for two weeks 
starting one week after operation, and (4) a 
second group of rats with cerebellar lesions 
was given phenytoin, 100 mg/kg, for two 
weeks starting one week after operation. 
Some rats were given phenytoin parenter- 
ally. Two hours prior to death, four to five 
rats in each group received an inhibitor 
of CA synthesis, alpha-methyltyrosine 
(AMT), 400 mg/kg intraperitoneally, to 
estimate the rate of CA disappearance. 
Phenytoin-treated rats were killed 18 
hours after the last dose in order to 
minimize acute or nonspecific effects of 
administration. 

Cerebellar operations were performed 
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under chloral hydrate anesthesia, with the 
animal immobilized in a stereotaxic appa- 
ratus. Lesions were made electrolytically 
with an insulated stainless steel electrode 
inserted 1.5 to 2.0 mm below the cerebellar 
surface. Lesions were located just anterior 
to the primary fissure, 1 to 2 mm to the left 
of the midline, and averaged 2 mm in 
diameter. 

Rats were killed by decapitation. The 
brain was removed and dissected on ice 
into a forebrain portion and a hindbrain 
portion by transection of the brain stem at 
the rostral end of the midbrain. This 
dissection was selected because it sepa- 
rates the major DA and NE terminal areas 
from the cell bodies in the brain stem and 
because phenytoin is thought to exert its 
principal anticonvulsant action on fore- 
brain areas. In some experiments, the fore- 
brain was further divided into right and 
left halves. In animals with cerebellar 
lesions, the hindbrain and cerebellum were 
examined by light microscopy to determine 
the extent of surgical damage and to study 
possible toxic effects of phenytoin on 
Purkinje cells. 

Brain parts were homogenized in iced 0.4 
N perchloric acid and the resultant extract 
containing GABA and the monoamines 
was placed on a strong cation exchange 
column.” Gamma aminobutyric acid, DA, 
NE, and 5-HT were sequentially eluted as 
described." A fluorimetric modification of 
an enzyme assay was used to determine 
GABA level.” Dopamine, NE, and 5.-HT 
levels were determined by standard fluori- 
metric assays." 


RESULTS 


Animals given 100 mg/kg of pheny- 
toin appeared lethargic and mildly 
ataxic during the first week. How- 
ever, motor activity values measured 
on an electronic activity meter were 
not significantly reduced and by the 
second week, there were no observable 
differences among groups. The spon- 
taneous behavior of operated rats was 
similar to those given phenytoin. 

Levels of four neurotransmitters 
were measured in one group of rats 
receiving 15, 50, or 100 mg/kg of 
phenytoin orally for two weeks. In 
both forebrain and hindbrain parts, 
there was a reduction in GABA levels 
(Fig 1). The most apparent alteration 
in NE and DA levels occurred in the 
hindbrain where both were elevated 
relative to the controls (Fig 1). 
However, DA concentrations in the 
hindbrain were small and the resul- 
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tant intragroup variation large. 

In the forebrain, 5-HT was about 
40% above control group values when 
50 and 100 mg/kg were used (Fig 1), 
confirming the earlier report of 
Bonnycastle et al. The NE level was 
reduced about 15% by a 100 mg/kg 
dose of phenytoin (Fig 1). The changes 
in forebrain DA concentrations were 
not statistically significant. However, 
DA concentration was slightly in- 
creased one hour after a phenytoin 
dose of 100 mg/kg was given intraper- 
itoneally to 110 + 3% of the control 
population (n = 4, P< .05). Serum 
phenytoin levels ranged from 15.3 pg 
to 39.4 ug/ml in the latter group. 
Phenytoin levels were also deter- 
mined in rats given 100 mg/kg orally, 


but they were not determined in rats ` 


given lower doses. 

In a second set of experiments, the 
effects of phenytoin administration 
on forebrain CA metabolism were 
compared with those of cerebellar 
cortical damage. Lesions were placed 
in the left anterior vermis and para- 
vermis, areas topographically related 
to pathways from medial cerebellar 
nuclei to groups of CA neurons in the 
brain stem.":!*-!s 

Although phenytoin alone had rela- 
tively little effect on steady-state CA 
concentrations (Figs 2 and 8), it 
increased the calculated turnover 
rates of DA and NE by 70% to 110% 
(Table 1). 

It is of interest that the increased 
rates of CA turnover occurred when 
only one third of the rats had thera- 
peutically significant (greater than 6 
ug/ml) serum levels of phenytoin; 
animals had been killed 18 hours after 
the last dose of phenytoin. There were 
no differences in forebrain DA or NE 
concentrations between rats with low 
serum levels of phenytoin (0.6 ug to 6.0 
ug/ml) and those with higher levels 
(6.1 ug to 28.4 ug/ml). The variability 
in levels may have been caused by 
individual differences in gastrointes- 
tinal absorption as well as by differ- 
ences in rate of clearance from the 
blood. 

Lesions placed in medial cerebellar 
areas also resulted in an increase in 
CA turnover (Table 1). The increases 
were largely ipsilateral to the lesion, 
consistent with the ipsilateral ana- 


tomic connections of the fastigial 
nucleus." A small contralateral ef- 
fect on the DA level was also seen (Fig 
2, Table 1). 

The addition of phenytoin adminis- 
tration to operated groups did not 
increase ipsilateral CA turnover fur- 
ther (Table 1), although it did increase 
slightly the steady-state levels of DA 
and NE in AMT-treated animals (Figs 
2 and 3). Three phenytoin-treated rats 
with lesions extending into the ipsilat- 
eral fastigial and interposed nuclei 
had a 50% reduction of DA concentra- 
tion in the ipsilateral cerebral hemi- 
sphere (P < .05 vs cortical lesions). 

Because of indirect effects of 
altered DA metabolism on GABA 
levels and the possibility of a direct 
action of phenytoin on GABA turn- 
over,” GABA levels were also mea- 
sured. Gamma aminobutyric acid ley- 
els were reduced bilaterally in all 
experimental groups (Table 2). Pheny- 
toin treatment resulted in a slightly 
greater reduction of the GABA levels 
in operated animals relative to op- 
erated rats that were not given 
phenytoin treatment. The small dif- 
ference, about 10%, suggests that 
phenytoin may act directly on fore- 
brain GABA mechanisms,” indepen- 
dently of its effects on the cerebellum 
or CA metabolism. 

Since numerous studies have estab- 
lished that Purkinje cell destruction 
can result from high-dose phenytoin 
administration,” histological studies 
were performed on vermian and hemi- 
spheric cortex of rats receiving 100 
mg/kg of phenytoin. While some 
Purkinje cell pyknosis could be seen, it 
was not localized to specific folia, was 
not related to the serum level of 
phenytoin at death, and did not occur 
frequently enough to be considered 
abnormal. This was not an unexpected 
finding since Snider and del Cerro? 
had to give more than double this dose 
for a period of 11 weeks to obtain 
electron microscopic evidence of Pur- 
kinje cell abnormality and in no group 
reported here was there evidence of 
cerebellar dysfunction (ataxia) after 
the first week. The present observa- 
tions do not preclude the possibility of 
Purkinje cell damage occurring after 
a more prolonged administration or 
under other experimental conditions. 
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Fig 1.—Effect of phenytoin, 15, 50, or 100 mg/kg, on catecholamines, serotonin, and gamma-aminobutyric acid (GABA) in 
forebrain and hindbrain. Phenytoin treatment was given orally daily for 14 days. Neurotransmitter levels in forebrain and 
hindbrain (brain stem plus cerebellum) were determined 18 hours after last phenytoin dose. Means plus SEM of four to 
five values are expressed as percent control. Absolute concentrations (in bar) are »mole/gm for GABA and nmole/gm for 
monoamines. One asterisk indicates P < .05; two asterisks, P < .01 vs control (f-test). 


COMMENT 


This study indicates that both long- 
term phenytoin administration and 
unilateral lesions of the cerebellar 
vermis increase CA turnover, the 
former, bilaterally, and the latter, in 
the cerebral hemisphere ipsilateral to 
the lesion. Although the administra- 
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tion of phenytoin appeared to inerease 
the steady-state levels of CA (deter- 
mined at 18 hours and at a time when 
most of the phenytoin had disap- 
peared from the blood stream), its 
effect on turnover was not additive 
with that of the cerebellar lesion, 
suggesting that the lesion and pheny- 
toin treatment shared a common 


mechanism of action. 

Both cerebellar cortical lesions and 
sufficient doses of phenytoin may 
reduce the spontaneous activity or 
stimulus-elicited burst activity™ of 
Purkinje cells, and the latter are 
thought to inhibit cerebellar nuclear 
outflow in areas of projection.” 
Therefore phenytoin therapy or any 
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Fig 2.—Effect of phenytoin or cerebellar lesion on forebrain dopamine (DA) levels and turnover. Shown are mean DA 
concentrations plus SEM of 4 to 13 values in each hemisphere (number of values in parentheses). Upper portion of 
figure shows average rate of DA disappearance, ie, difference between steady-state concentrations and concentra- 
tions after synthesis inhibition with alpha-methyltyrosine during two-hour period. (Since disappearance of DA is 
probably exponential rather than linear, values shown are underestimates of actual turnover rate (Table 1). Two- 
asterisks, P < .01 vs control; two daggers, P < .01 vs lesion (t-test). 


Fig 3.—Effect of phenytoin or cerebellar lesion on forebrain norepinephrine (NE) levels and turnover. Rats treated as in 
Fig 2. Shown are mean NE concentrations plus SEM. Number of values are in parentheses. Upper portion of figure 
shows average NE disappearance rate in each group. Two asterisks indicate P < .01 vs control; two daggers, P < .01 
vs lesion (t-test). 
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Table 1.—Calculated Turnover Rates of Catecholamines in Left and Right 
Hemispheres* 











Dopamine Norepinephrine 





Left Right Left Right 
Hemisphere Hemisphere Hemisphere Hemisphere 
Control 100 100 100 100 
Lesion 2737 1207f 2297 107 


Phenytoin 1707 1697 2137 1977 


Phenytoin and lesion 2067 1907 1957 2027 








*Turnover rate was calculated from mean catecholamine (CA) values in Figs 2 and 3, assuming a 
monoexponential decline in CA after alpha-methlitryrosine (AMT) treatment. Control rate constants, 
determined by the equation, k = — 1n[(CA),,,,/(CA),] 1/t,,,, were —.20, —.23, —.16, and —.18/hour 
for norepinephrine, left and right hemispheres, and dopamine, left and right hemispheres, respec- 
tively. Turnover rate was obtained by multiplying the steady state CA concentration (CA): by k and is 
expressed as percent control. Statistical analysis was performed by the Mann-Whitney U-test on rate 
constants that were derived from mean (CA), and individual concentrations of CA after AMT 


[(CA) 7]. taur indicates time between AMT injection and death. 


7P < .05 vs control. 
P < .05 vs left side. 









Table 2.—Effect of Phenytoin or 
Cerebellar Lesion on Brain 
Gamma-Aminobutyric Acid in 
Left and Right Hemispheres* 


Gamma-Aminobutyric 
Acid, % 
nma 
Left Right 
Hemisphere Hemisphere 










Control 
(n = 5) 
Lesion 
(n = 5) 
Phenytoin 
(n = 4) 
Phenytoin 
and lesion 
(n + 5) 


100 + 2 100 + 1 
92 + 17 91+ 37 


75 + 9f 76 + 107 


81 + 4ł§ 84 + 3i§ 





“Means + SEM in percent control. Control 
values were 3.25 „mole and 3.22 wmole/gm in 
left and right hemispheres, respectively. Rats 
were treated as described in Fig 2. 

TP < .05. 

IP < .01 vs control. 

$P < .05 vs lesion (t test). 


procedure that results in reduced cere- 
bellar cortical activity, could increase 
the activity in nuclear pathways to the 
NE system (via locus ceruleus") and 
the DA system via the ventral 
tegmental area." This hypothesis is 
supported by evidence that vermian 
lesions that involve the fastigial 
nucleus decreased ipsilateral fore- 
brain CA turnover’? and by the 
present experiments in which nuclear 
lesions in phenytoin-treated rats were 
associated with a reduction of the DA 
concentration in the ipsilateral cere- 
bral hemisphere. The increase in hind- 
brain DA and NE concentrations after 
phenytoin therapy (Fig 1) is also 
consistent with increased CA turn- 
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over, since the majority of CA- 
containing neuronal cell bodies are 
found in the hindbrain. 

There are, however, a number of 
other considerations. Phenytoin ad- 
ministration has been shown in in 
vitro studies to reduce CA release,” to 
inhibit metabolic breakdown of CA by 
monoamine oxidase,” and to inhibit 
CA inactivation by reuptake.” These 
effects on CA metabolism may be 
important in CA terminal areas such 
as neostriatum and could explain the 
somewhat higher steady-state levels 
of DA and NE after phenytoin treat- 
ment in some groups (Fig 2 and 3). 
The direct inhibitory effect of pheny- 
toin on DA release may be greater 
when serum levels of phenytoin are 
high, since we found that DA was 
slightly higher (10%) after acute 
parenteral administration. 

Both the anatomical and biochem- 
ical studies suggest that medial cere- 
bellar lesions (and presumably stimu- 
lation) are more effective than lateral 
lesions in producing increased CA 
turnover. In unpublished experiments 
from this laboratory, we have seen 
little effect of lesions of nuclei inter- 
positus and dentatus on forebrain NE 
metabolism. However, interpositus le- 
sions in some animals have resulted in 
a small contralateral decrease in DA 
three weeks after operation. This may 
be due to the loss of a contralateral 
projection to the ventral tegmental 
area." 

The vermis may also be essential for 
the anticonvulsant effect of electrical 
stimulation of the cerebellum, since 








fastigial lesions prevent the seizure- 
suppressing effect of stimulation in 
the cat.™ An effect of cerebral CA on 
seizure activity is indicated by the 
fact that intraventricular 6-hydroxy- 
dopamine also prevented the effect of 
cerebellar stimulation in these experi- 
ments.” 

It would be an oversimplification to 
suggest that increased CA release is 
the only major mechanism involved in 
the anticonvulsant effect of cerebellar 
stimulation in patients with epilepsy. 
Wood et al‘ did not find a proportional 
relationship between NE Levels in 
CSF and reduction in seizures, and 
these authors as well as others’ 
emphasize the complex physiologic 
effects of this procedure. However, 
the present data do not support the 
hypothesis that low-frequency stimu- 
lation may increase NE levels by anti- 
dromic activation of locus ceruleus' 
inasmuch as an increase in NE turn- 
over was seen without stimulation and 
well after retrograde effects on locus 
ceruleus cell bodies might be antic- 
ipated. 

The interaction of phenytoin ther- 
apy, cerebellar function, and CA 
metabolism is equally complex. On the 
one hand, it is reasonably clear that 
phenytoin therapy requires both an 
intact cerebellum*’*' and normal CA 
metabolism™ for an optimal anticon- 
vulsant effect. However, data sup- 
porting a direct action of phenytoin on 
either cerebellar function or on CA 
turnover in vivo are inconclusive. Clin- 
ically, the dose of phenytoin is often 
increased to the point where cere- 
bellar signs (nystagmus and ataxia) 
appear. The therapeutic effect does 
not level off prior to toxic symptoms, 
suggesting that therapeutic and cere- 
bellar toxic effects may be parallel 
phenomena. In experimental animals, 
repeated phenytoin administration 
has not been shown to significantly 
depress Purkinje cell function, clin- 
ical experience notwithstanding, and 
further clarification is required, par- 
ticularly with regard to the variables 
of duration of and time after adminis- 
tration. Since phenytoin is con- 
centrated in the cerebellum,” it would 
also be necessary to determine wheth- 
er Purkinje cells in one area are 
preferentially affected. It is possible, 
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for instance, that phenytoin has dose- 
related effects on Purkinje cells in the 
anterior vermis without affecting oth- 
er cerebellar cortical neurons; this 
area is selectively involved by abnor- 
malities of pyruvate metabolism™ and 
in alcoholism.” 

The biochemical results of the pres- 
ent experiments showing an increase 
in CA turnover after phenytoin treat- 
ment are similar to those of Pan et al” 
but differ from those of Doteuchi and 
Costa.“ The latter investigators 
showed convincingly that phenytoin, 
acutely administered, reduced cere- 
bellar NE turnover as determined by 
the AMT method. It is likely, however, 
that short-term effects of phenytoin 
treatment differ from long-term ef- 
fects. In acute administration experi- 
ments, for example, no change or an 
increase in Purkinje cell firing rate 
may be seen," short-term phenytoin 
treatment increases rather than de- 
creases GABA levels.® Notably, a 
decrease in cerebrospinal fluid GABA 
levels is associated with long-term 
cerebellar stimulation in humans.*® 

The observation that long-term ad- 
ministration of phenytoin causes an 
increase in cerebral CA turnover may 
be clinically relevant. Increased CA 
turnover (particularly NE) may con- 
tribute to the anticonvulsant action of 
phenytoin.’ Likewise, the occasional 
choreiform movement disorder in- 
duced by phenytoin,” the exacerba- 
tion of Huntington chorea,” and the 
improvement of early parkinsonism 
with phenytoin treatment* could be 
related to an increased turnover of 
DA in the basal ganglia. 


Charles Pippenger, MD, supplied the serum 
phenytoin determinations and Vernice Jackson 
and Carl Miller provided technical assistance. 
This work was supported by the Parkinson’s 
Disease Foundation, the Katherine A. and 
Samuel B. Berger Foundation, and National 
Institute of Neurological Diseases and Stroke 
grant No. 06827. 
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Cerebral Air Embolism 


Report of Five Cases and Review of the Literature 


Martin Menkin, MD, Robert J. Schwartzman, MD 


e We discuss five patients who had 
cerebral air embolisms. Clinically, these 
patients had early seizures, focal neuro- 
logical findings, or failure to awaken from 
anesthesia. The patients that survived had 
minimal neurological deficits. We also 
discuss the pathophysiology of cerebral 
air embolism and its differentiation from 
“the bends.” The necessity for recogniz- 
ing this entity early is important in order to 
administer appropriate therapy. 

(Arch Neurol 34:168-170, 1977) 


Ps bubbles may damage the CNS 
under two circumstances. The 
first is decompression sickness, which 
occurred frequently during the 19th 
century among bridge builders as- 
cending from deep water caissons, 
although in recent years, the impru- 
dent use of scuba equipment by 
amateurs or overzealous experts has 
been the prime cause of “the bends”’.' 
The second circumstance, perhaps 
more common than the bends, is cere- 
bral embolism of air.*-’ In 1932, Chase® 
listed 11 situations in which air could 
enter the arterial supply of the brain. 
These included thoracentesis, pneu- 
mothorax, perineal air insufflation, 
pneumoperitoneum, and surgery of 
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the heart, lungs, sinuses, brain, neck, 
or axilla. Concomitant with advances 
in medical and other technology, 
recent causes of air embolization are: 
(1) venous and arterial catheteriza- 
tion,’ (2) cardiopulmonary by-pass,*” 
(3) pneumoarthrography,' (4) pneu- 
mo-orbitography,'' and scuba div- 
ing.” 

The purpose of this article is to 
present the neurological findings of 
five patients who have had cerebral 
air embolism and to further define the 
clinical presentation, treatment, and 
prognosis of this entity. 


REPORT OF CASES 


Case 1.—A 38-year-old man underwent 
open heart surgery to repair a ruptured 
ventricular septum on June 4, 1973. As he 
was taken off cardiopulmonary bypass 
maintenance, air was seen in the arterial 
line. The air was removed after placing the 
patient in the Trendelenberg position. 
After surgery, the patient never awakened 
from anesthesia and had the onset within 
two hours of major motor seizures. 
Findings of the physical examination 
showed up-beating nystagmus, a right 
hyperopia, full oculocephalic responses, a 
flaccid left hemiparesis, and a left Babin- 
ski sign. Lumbar puncture findings were 
normal. An EEG performed in the imme- 
diate postoperative period demonstrated 
right occipital spike and spike wave 
discharges on a background of generalized 
diffuse slowing. Vigorous anticonvulsant 
therapy, one gm of phenytoin delivered at 
the rate of 50 mg/min followed by 100 mg 
intramuscularly every six hours as well as 2 





gm of intravenous phenobarbital, adminis- 
tered over four days, was required to 
control the motor manifestations of the 
patient’s seizures. The EKG still showed 
diffuse, focal, and paroxysmal changes. 
The patient did not regain consciousness 
and remained in a chronic vegetative state 
until he died 43 days postoperatively. 


Case 2.—A 63-year-old woman under- 
went open heart surgery on cardiopul- 
monary bypass maintenance for mitral 
valve replacement. Postoperatively in the 
recovery room, she was observed to have 
focal left-sided and major motor seizures. 
Neurological examination showed flat 
disks, normal venous pulsations, and conju- 
gate eye deviation to the right. She had a 
flaccid left hemiparesis, with arm, face, 
and leg equally involved, as well as a left 
hemisensory deficit to pinprick and nox- 
ious stimuli. The reflexes were depressed 
on the left side and normoactive on the 
right. A Babinski sign was elicited on the 
left side. Lumbar puncture showed an 
opening pressure of 210 mm H,O, a protein 
content of 59 mg/100 ml, a glucose level of 
110 mg/100 ml, 12 RBCs per cubic milli- 
meter and 21 RBCs per cubic millimeter 
(88% mononuclear). An EEG performed in 
the immediate postoperative period was 
diffusely slow and disorganized. Anticon- 
vulsant therapy, 1 gm of phenytoin given 
intravenously 50 mg/min, with a mainte- 
nance dosage of 300 mg intramuscularly 
every four hours, completely controlled her 
seizures within eight hours. An EEG 
performed on the fifth postoperative day 
showed diffuse background disorganiza- 
tion, with irregular sharp waves in the 
right occipital cortex. She remained coma- 
tose until the ninth postoperative day, 


Cerebral Air Embolism—Menkin & Schwartzman 





eT Ta ee ee ene ere Ee ae 
» : i — p s i E - P > j E 

: i 4 $ À i a a fa mei F $ aS P A K Ta E ase ` s : P À T Kag t ary en 3 . Jy 

: * Pay i aaa] A y i Y T ‘ Li A P 


when she began an uneventful recovery. 
Two months postoperatively, she demon- 
strated only a mild left hemiparesis. Six 
months postoperatively, her only remain- 
ing residual was slight left hyperreflexia. 


Case 3.—A 21-year-old man came to the 
Neurology Service 30 hours after the onset 
of major motor seizures. He reported 
rapidly ascending from a depth of 3,600 cm 
when his scuba tank became empty. 
Several minutes after reaching the surface, 
he slumped to the deck and had several 
major motor seizures. Thirty minutes later, 
he regained consciousness and within two 
hours, was able to walk. Neurological 
examination at the time of admission 
showed a normal mental status. The optic 
disks were flat, and normal venous pulsa- 
tions were observed. There was a minimal 
left central facial weakness but otherwise, 
the rest of the cranial nerves were intact. 
The patient demonstrated mild impair- 
ment in point localization and stereognosis 
on the left side of the body. Primary 
sensory modalities were normal. He had a 
left hemiparesis, arm more involved than 
the leg, with concomitant left-sided hyper- 
reflexia and a left-sided Babinski sign. His 
EEG and chest x-ray film were normal. 
The patient discharged himself against 
medical advice on the second hospital day 
with these same neurological findings and 
was lost to follow-up studies. 


Case 4.—A 52-year-old man had under- 
gone extensive bowel surgery due to a 
large pancreatic abscess on May 18, 1974. 
He was maintained on hyperalimentation 
via a central venous catheter. On Aug 27, 
1974, his hyperalimentation fluid bag 
became disconnected and air was drawn 
into the venous line. He experienced 30 
minutes of dyspnea, and four hours later, 
had the onset of major motor seizures, with 
head and eyes conjugately deviated to the 
right. The seizures were easily controlled 
with diazepam. Neurological consultation 
12 hours later showed irritability, motor 
impersistence, and a moderate organic 
mental syndrome. He had a dense right 
homonymous hemianopsia and had poor 
refixation saccadic eye movements when 
the opticokinetic tape was taken to the left. 
The patient was seizure-free and entirely 
normal within three months. 


Case 5.—A 3-year-old boy had been 
hospitalized many times with chronic gran- 
ulomatous disease. No information was 
obtained from various evaluations of his 
immune status. During an admission for 
pneumonia, a diagnostic thoracentesis was 
done on Aug 21, 1974. Several minutes 
later, he had the onset of major motor 
seizures. Neurological examination showed 
a right central facial paralysis, with head 
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and eyes deviation to the left. Opticoki- 
netic nystagmus was deficient, with 
decreased refixation saccadic movements 
to the left when the tape was taken to the 
right. A right-sided hemiparesis with 
hyperreflexia and a Babinski sign was 
noted. Lumbar puncture showed normal 
pressure, no cells, a protein content of 14 
mg/100 ml, and a glucose level of 61 mg/ 
100 ml. An EEG showed frequent diffuse 
spike wave discharges from the left hemi- 
sphere. His seizure activity responded to 
anticonvulsant therapy, .5 gm of phenytoin 
intravenously for 90 minutes. He regained 
consciousness five hours later. Neurological 
examination after 48 hours showed no defi- 
cit. He died three months later from 
pulmonary complications of his underlying 
disease. No lesions were seen in the brain 
at postmortem examination. 


COMMENT 


The true incidence of cerebral air 
embolism is difficult to assess due to 
the difficulty of proving the diagno- 
sis. Air emboli are rarely recognized 
at the postmortem table because of 
their evanescent arterial localization 
and the great care necessary to 
demonstrate air in the systemic circu- 
lation.“ Air bubbles in a cerebral 
artery produce an immediate but 
transient block. After several min- 
utes, the air moves through the capil- 
lary beds into venules and is dissi- 
pated. This results in arterial spasm 
that is then followed by prominent 
dilation and marked stasis of flow.’ 
The localization of the emboli and the 
extent of the cerebral ischemia deter- 
mines the degree of neurological defi- 
cit. 

The neurological dysfunction seen 
after scuba diving accidents often is 
the consequence of embolization of air 
to the brain. Air enters the circulation 
of the lung after it is trapped in 
alveoli due to partial bronchial occlu- 
sion from mucous plugs, infection, or 
failure to exhale. According to Boyle 
law, the volume of a gas varies in- 
versely as the pressure, thus, a “pres- 
surized” air bubble trapped in the 
lung will increase dramatically in 
volume as the diver ascends due to the 
fall in ambient pressure. Compressed 
air breathed at 3,750 cm below the 
surface will increase five times in 
volume on ascent.” The expanding air 
ruptures alveoli and causes paren- 
chymal tears in the area of emphyse- 





matous blebs. Clinically, this is mani- 
fested by mild chest discomfort, 
severe mediastinal emphysema, circu- 
latory collapse, or signs of cerebral 
involvement. 

Case 3 is an example of such a scuba 
diving accident. When his air ran out 
at a depth of 3,600 cm, he panicked 
and ascended too rapidly. However, 
even a calm ascent by trained person- 
nel is no guarantee against air embo- 
lization as indicated by Ingvar et al‘ in 
a report of a 3% to 5% incidence of this 
complication during free escape train- 
ing of submarine personnel. The early 
seizures and focal neurological signs 
suggest the same distribution of air as 


is seen in patients with air emboli 


after cardiopulmonary bypass mainte- 
nance. 

The distinction between the clinical 
presentation of decompression sick- 
ness and air embolism is important 
for proper therapy. Decompression 
sickness results from the liberation of 
nitrogen bubbles from tissue that 
have become temporarily supersatu- 
rated with nitrogen. This commonly 
occurs during scuba diving. The 
diver’s tissues absorb nitrogen over a 
period of time to a concentration 
dependent on the partial pressure of 
nitrogen in the inspired air (Henry 
law). As he ascends, there is a fall in 
ambient pressure and thus in the 
partial pressure of inspired nitrogen 
that reduces the tissue concentration 
of nitrogen. The tissue will equilibrate 
according to a time-dependent formu- 
la, but if this equilibration is too rapid, 
gas-bubble formation occurs. These 
bubbles damage tissue directly, often 
resulting in throbbing focal discom- 
fort. These bubbles may enter the 
systemic circulation, which often 
occurs in the spinal epidural plexus 
and the proximal abdominal and 
thoracic veins. This produces slowing 
of flow and venous infarction. The 
most common site of damage in the 
CNS is decompression sickness is the 
spinal cord. The usual symptoms 
begin within 12 hours of ascent and 
present as parasthesias, motor impair- 
ment, and autonomic dysfunction. 
Nitrogen bubbles occasionally produce 
focal cerebral dysfunction.’’ Therapy 
is controlled recompression in a hyper- 
baric chamber to redissolve the 
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nitrogen bubbles, which then allows 
for controlled tissue blood equilibra- 
tion without bubble formation. 

The venous air embolism suffered 
by patient 4 raises the question of how 
air liberated into a venous channel can 
produce an arterial embolus. Ponsky 
and Pories'® reported paradoxical em- 
bolization of venous air through a 
patent foramen ovale and in their 
discussion, they noted the study of 
Emerson" that found that venous air 
will not pass through the pulmonary 
circulation. However, there are now 
two reported patients with no cardiac 
defects!" in whom surgeons ob- 
served arterial air after inadvertent 
venous air leaks. Presumably, the air 
traversed from vein to artery through 
the lung via physiologic arteriovenous 
anastamoses.*° 

Patient 5 suffered an air embolism 
during diagnostic thoracentesis. This 
has been a well recognized complica- 
tion of this procedure since 1922.°! 
Presumably, air bubbles are liberated 
by inadvertent pulmonary parenchy- 
mal damage.** This patient’s early 
seizures, focal neurological examina- 
tion, and full recovery again suggest 
cortical arterial involvement. 

In arterial air embolism, the brain is 
involved far more than the spinal cord, 
the reverse of decompression sickness. 
The various origins of this syndrome 
do not appear to cause unique 
patterns of lesions. Dysfunction may 
occur in subtentorial structures, but 
supratentorial involvement in the dis- 
tribution of major and branch arteries 
is more common.”'"** A comprehen- 
sive study by Ingvar et al of 14 
patients who suffered presumed air 
emboli during rapid free-ascent in 
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diver training shows that ten of the 14 
patients suffered focal neurological 
signs, one had a major motor convul- 
sion, and two patients had a depressed 
level of consciousness. A recent study 
of air emboli that occurred during 
hemodialysis reported nine patients 
with sudden onset of neurological or 
pulmonary dysfunction.*’ All were 
confused, four demonstrated focal 
hyperreflexia, and one had a left 
hemiparesis. Three patients suffered 
major motor seizures. 

The diagnosis of cerebral air embo- 
lus is easily made in a setting that 
predisposes to this complication in a 
patient with the sudden onset of 
seizures and focal neurological signs. 
The importance of recognizing this 
complication and differentiating it 
from “the bends” is for the initiation 
of proper therapy. In cerebral air 
embolism, one must anticipate and 
aggresively treat seizure activity, 
while immediate recompression is 
essential to redisolve nitrogen bubbles 
in “the bends.” Hyperbaric treatment 
for air embolism after cardiopulmo- 
nary bypass maintenance has been 
successfully employed but must be 
further evaluated.” 
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Simultaneous Determination 
of Skeletal Muscle Fiber, 


Types I, IIA, and IIB by Histochemistry 


Gary L. Tunell, MD, Michael Noel Hart, MD 


e We describe a simplified technique 
for the histochemical determination of 
three fiber types from a single section of 
skeletal muscle. Preincubation in a solu- 
tion of formaldehyde, glycine, and cal- 
cium followed by routine myofibrillar 
adenosine triphosphatase (ATPase) incu- 
bation clearly differentiates type |, type 
IIA, and IIB fibers in human, rat, rabbit, 
and porcine muscle. In addition, glycine- 
formaldehyde-calicium preincubation of- 
fers better preservation of cytoarchitec- 
ture and standardization of incubation 
time. 

(Arch Neurol 34:171-173, 1977) 


ammalian skeletal muscle may 

be histochemically separated 

into type I or type II fibers using the 
calcium-dependent adenosine triphos- 
phatase (ATPase) reaction described 
by Padykula and Herman.' Their 
procedure is, in part, dependent on 
formaldehyde sensitivity of type I 
fibers to produce distinct staining 
intensities. More recently, Brooke and 
Kaiser? have shown that type II fibers 
may be subdivided into type IIA or 
IIB fibers on the basis of pH lability. 
Utilizing five minutes preincubation 
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at pH 4.6, human type IIA fibers are 
partially inhibited whereas Type IIB 
and Type I fibers are not inhibited. 
Fiber types I and IIB must then be 
separated by the routine ATPase 
method. This procedure requires 
preincubation of serial sections of 
muscle at each pH and subsequent 
comparison of reaction intensities of 
each fiber. Brooke and Kaiser? further 
report that acid inactivation is not 
precise since partial inactivation 
occurs from pH 4.9 through 4.5 in 
human type IIA fibers and from pH 
4.5 through 4.3 for type IIB fibers. In 
addition, species variation in the acid 
lability of myofibrillar ATPase com- 
plicates that procedure. 

Occasionally, the ATPase method of 
Padykula and Herman’ may result in 
three fiber types, but this is incon- 
stant and there is no assurance that 
the three fiber types present are the 
same as those designated types IIA 
and IIB by Brooke and Kaiser.” 

Several examples of the clinical 
importance of three fiber type anal- 
ysis in human disease have been 
reported?'; however, technical diff- 
culties encountered in preimcubating 
serial sections at different but precise 
pH limits, followed by a comparison of 
each fiber’s reactivity at eaeh pH, has 
limited its clinical application. We 
report a rapid and reproducible meth- 
od that enables the three fiber types 


= | 


to be determined from a single slide, 
making this diagnostic procedure ap- 
plicable for routine use. 


MATERIALS AND METHODS 


Skeletal muscle is frozen and sectioned 
by routine methods.* Preincubation of 
sections at 25 C for five minutes in a 0.1M 
glycine-3.7% aqueous formaldehyde-1% 
CaCl, solution at pH 7.25 is followed by 
five rinses in distilled water. Next, sections 
are incubated at 37 C in ATPase medium at 
pH 9.4 for 90 to 120 minutes and processed 
according to the method of Padykula and 
Herman.' The preincubating solution may 
be refrigerated one to two weeks at 4 C, 
although the pH must be adjusted before 
use. The ATPase medium should be freshly 
prepared. Glycine and calcium must be 
made to volume before slowly adding a 
3.7% concentration of formaldehyde solu- 
tion to prevent inactivation of the glycine 
by concentrated formaldehyde. Addition- 
ally, we have found optimal length of incu- 
bation to be 90 minutes in 37 C water bath 
compared to 120 minutes in 37 C air convec- 
tion incubator (Table). 

To validate the subtyping of type II 
fibers, serial sections were preincubated in 
veronal acetate buffer as described by 
Brooke and Kaiser? and by the routine 
ATPase method. ' 


RESULTS 


Sections of human muscle preincu- 
bated for five minutes at pH 7.25 in 
glycine-38.7% formaldehyde-calcium 
solution followed by the routine 
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ATPase procedure yielded three fiber 
types (Fig 1). Type I fibers do not 
deposit stain, type IIA fibers stain 
with intermediate intensity, and type 
IIB fibers stain darkest. Similar 
results are obtained from various limb 
muscles of rats, rabbits, and swine. In 
each muscle and species studied, 
preincubation at pH 7.25 yielded 
optimal color separation between the 
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three fiber types, although the reac- 
tion proceeds after preincubation 
from pH 6.0 through 10.0. Additional 
advantages of glycine-3.7% formalde- 
hyde-calcium preincubation include 
better preservation of cell morphology 
and improved adherence of tissue to 
coverslips. 

Evidence that type I, IIA and IIB 
fibers identified by glycine-87% for- 


Fig 1.—Glycine-3.7% formaldehyde-calcium preincubated adeno- 
sine triphosphatase stain determining three fiber types |, IIA and 
IIB (original magnification, x 100). 


< 


Fig 2.—Serial section to Fig 1 showing only fiber types | and II by 
routine adenosine triphosphatase stain (original magnification, 


Fig 3.—Serial section to Figs 1 and 2 preincubated at pH 4.6 in 
veronal acetate prior to routine ATPase reaction. Certain type Il 
fibers of Fig 2 are labile at this pH and are designated type IIA. 
These same fibers correspond to fibers that stain with interme- 
diate intensity by the 3.7% formaldehyde-glycine-calcium method 
(original magnification, x 100). 


maldehyde-calcium preincubation are 
the same as those identified by 
Brooke and Kaiser? was obtained by 
staining serial sections of muscle 
alternately by our method and the 
method of Brooke and Kaiser.’ Figure 
2 is a serial section to Fig 1 processed 
by the routine myofibrillar ATPase 
procedure! with no preincubation. 
Only type I and II fibers are identi- 
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A. Sequence of muscle section 




















minutes at pH 7.25. 
3. Rinse five times with distilled water. 
4 


. Rinse three times in 1% CaC1.,. 


. Rinse four times in distilled water. 


11. Clear in xylol. 
12. Mount with aqueous mounting media. 


(Add slowly and stir). 


fied. Figure 3 demonstrates that 
certain type II fibers have lability of 
ATPase activity after five minutes 
preincubation in veronal acetate buf- 
fer at pH 4.6.” These fibers are desig- 
nated type IIA by Brooke and Kaiser’ 
and are identical to the fibers of inter- 
mediate staining intensity in the 
present method. Therefore, by using 
our preincubation solution, three fiber 
types can be identified from a single 
section. 


COMMENT 


The synergistic role of glycine and 
formaldehyde is unknown to us. Gly- 
cine is used outside of its buffering 


1. Padykula HA, Herman E: Factors affecting 
the activity of adenosine triphosphatase and 
other phosphatases as measured by histochemical 
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2. Adjust to volume with distilled water and adjust pH to 7.25 with 1N NaOH. 


1. Collect 7-1 to 10-1 sections of freshly cut muscle on a coverslip and arrange in 10-ml volume stainjng dish. 
2. Preincubate in 0.1M glycine (74 mg), 1% CaC1, (100 mg), distilled water (9 ml), and 37% aqueous formaldehyde (1 ml) at 25 C for five 


. Incubate in 0.1M sodium barbiturate (2 ml), 2% CaC1, (1 ml), distilled water (7 ml), adenosine triphosphate salt (15.2 mg) at 37 C for 90 
minutes in water or for two hours in air at pH 9.4. 
5 
6. Immerse for three minutes in 2% cobalt chloride. 
7 
8. Immerse one minute in fresh 2% ammonium sulfide. 


9. Wash ten minutes in gently running tap water. 
10. Dehydrate in ascending alcohols to 100%. 


B. Sequence of adding chemicals for preincubation 
1. For 500 ml, add 3.72 gm of 0.1M glycine, 5.0 gm 1% CaC1., 425 ml of distilled water, and 50 mi aqueous formaldehyde (37% stock) 


range, and substitution of glycine by 
structurally related compounds does 
not produce comparable results. Fur- 
thermore, preincubation of human 
biceps in 0.1M glycine or in 3.7% 
formaldehyde alone yields predomi- 
nantly type I and II fibers instead of 
the expected three fiber types. This is 
also true for five minute preincuba- 
tion in 0.1M glycine followed by five 
minutes preincubation in 3.7% formal- 
dehyde solution at pH 7.25. 

The clinical importance of the 
tripartite classification of muscle fi- 
bers as demonstrated by the myofi- 
brillar ATPase method has been dem- 
onstrated.2* However, the existing 
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Child Neurology 


Duane Syndrome 





and Congenital Upper-Limb Anomalies 


A Familial Occurrence 


Michael M. Okihiro, MD; T. Tasaki; K. K. Nakano, MD; B. K. Bennett, MD 


è We report a family in which five 
members in three generations have been 
afflicted with Duane syndrome. Four of the 
five members also have congenital hypo- 
plasia of the thenar eminence. One also 
was afflicted with Hirschsprung disease 
and another was born deaf. A sixth 
member, who does not have Duane 
syndrome, is afflicted with a more exten- 
sive malformation of the upper extremities 
_ and unilateral deafness. 

We present a discussion of Duane 
syndrome and its association with other 
congenital anomalies. Although some 
members of this family presented in this 
report show features that are similar to the 
Holt-Oram syndrome, Wildervanck’s syn- 
drome, and others reported in the litera- 
ture, there are several unique features 
about this family that we thought were 
worth reporting. 

(Arch Neurol 34:174-179, 1977) 


uane syndrome is a congenital 
disorder of ocular motility.’ It is 
characterized by limitation of abduc- 
tion, with retraction of the eye into 
the orbit and consequent narrowing of 
the palpebral fissure on adduction. 
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Attempted abduction may result in 
widening of the palpebral fissure and 
protrusion of the bulb. A downward or 
upward deviation of the ocular axis 
may accompany adduction. 

Duke-Elder? estimated a familial 
frequency of 10% among all cases of 
Duane syndrome and Pfaffenbach et 
al? noted familial occurrence in 5%. 
Familial cases suggest an autosomal 
dominant pattern of inheritance.*-** 
The remaining, large majority of 
cases of Duane syndrome apparently 
are sporadic. 

Duane syndrome is known to occur 
in association with other congenital 
anomalies. Among the 186 patients 
with Duane syndrome studied by 
Pfaffenbach et al, 33% had one or 
more additional malformations, 17% 
had two or more additional congenital 
anomalies, and 8% had three or more 
additional anomalies.“ The associated 
anomalies include Goldenhar syn- 
drome (oculo-auriculovertebral dys- 
plasia), ° cleft palate,“ paroxysmal 
gustatory-lacrimal reflex, * cervical 
spina bifida, facial palsy, syringo- 
myelia,? Klippel-Feil anomaly,!»1+-15 
and perceptive deafness." The co- 
occurrence of Duane syndrome, Klip- 
pel-Feil anomaly, and perceptive deaf- 
ness has been recognized as a discrete 
entity and has been termed Wilder- 
vanck syndrome or the cervico-oculo- 


acoustic syndrome.®- 19-15 

The simultaneous familial oc- 
currence of Duane syndrome and 
other congenital anomalies has been 
reported on occasions. Kirkham" de- 
scribed two patients with perceptive 
deafness and Duane syndrome in a 
family affected with perceptive deaf- 
ness through five generations. A 
familial occurrence of Duane syn- 
drome and the Holt-Oram syndrome 
was reported by Ferrell et al.’ The 
latter syndrome consists of congenital 
cardiac anomalies, primarily atrial 
septal defects, and congenital muscu- 
loskeletal defects of the upper limbs, 
affecting mainly the hands, and is 
transmitted in an autosomal domi- 
nant fashion.*"-*" 

We report a family with Duane 
syndrome and congenital upper-limb 
anomalies that include hypoplasia of 
the thenar eminence as well as a few 
other congenital abnormalities. 


REPORT OF CASES 


Case 1 (III-19).—The propositus is a 23- 
year-old woman who has undergone five 
laparotomies, with two temporary colos- 
tomies for the relief of bowel obstruction 
that was first noted at the age of 2 weeks. 
The last of these procedures was per- 
formed at the age of 10 years and showed a 
contracted segment of rectum extending 
from the anus to 7 or 8 em beyond this 
point and a hugely dilated sigmoid and 
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Fig 1.—Patient III-19 looking upward, to 
right, and to left. 


descending colon above this segment. 
Biopsy and microscopic section showed an 
absence of ganglion cells in the distal 
contracted segment, with a normal distri- 
bution of ganglia in the proximal dilated 
segment consistent with the diagnosis of 
Hirschsprung disease. An abdominal peri- 
neal proctosigmoidectomy (Swenson proce- 
dure) was performed at that time and has 
produced lasting normal bowel function. 
Examination of the eyes showed bilat- 
eral absence of abduction (Fig 1). The right 
and left palpebral fissures respectively 
widened on attempted abduction. Adduc- 
tion was absent in the right eye, and such 
attempts resulted in upward deviation and 
retraction of the bulb, with narrowing of 
the palpebral fissure. The left eye adducted 
approximately 50% of the normal range, 
producing retraction of the bulb and nar- 
rowing of the palpebral fissure. Vertical 
gaze was normal in both eyes. 
Examination of the hands showed bilat- 
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eral hypoplasia of the thenar eminence, 
with weakness of thumb abduction (Fig 2). 
Roentgenograms of both hands (Fig 3) 
demonstrated small navicular bones of 
radiologic bone age estimated at 12 years. 
The greater and lesser multangular bones 
were also smaller than normal. 

Nerve conduction studies of the left arm 
demonstrated normal ulnar nerve motor 
and sensory latencies. Nerve conduction 
studies of the left median nerve showed a 
normal sensory latency of 2.7 msec (nor- 
mal, 2.6 msec + 0.3) but no motor response. 
Needle electromyography of the left 
abductor pollicis brevis showed no elec- 
trical activity at rest or during attempted 
abduction of the thumb. Nerve conduction 
studies of the right median nerve showed a 
distal motor latency of 4.2 msec (normal, 
3.1 msee + 0.5), but with a considerably 
reduced amplitude of only 2 mV. 

Cardiac evaluation showed a grade II or 
VI early systolic ejection murmur. A chest 
roentgenogram showed no indication of 
heart disease. An ECG showed right axis 
deviation but was otherwise normal. Cervi- 
cal spine x-ray films were normal. 

CASE 2 (IH-12).—This 23-year-old woman 
was affected with congenital hypoplasia of 
the left ulna, left radius, and both thumbs, 
congenital bilateral metatarsus adductus, 
and congenital deafness involving the left 
ear. A banana osteotomy was performed on 
the left ulna at 2 years of age. A transverse 
osteotomy on the left radius at the age of 3 
years included insertion of a homogenous 


Fig 2.—Bilateral thenar hypoplasia involving primarily abductor pollicis brevis. Opponens 
pollicis and flexor pollicis brevis muscles appear to be normal. 





bone graft, and roentgenographic evalua- 
tion at that time raised a question of 
subluxation of both shoulders. 

Physical examination findings showed a 
well-proportioned but small woman 
(height, 119 em; weight, 37.6 kg). The left 
forearm was shorter than the right. The 
left thumb was a vestigial structure 
situated along the base of the second digit 
and was devoid of motor function. The 
right thumb was located along the distal 
aspect of the second metacarpal and 
displayed weak oppositional function. No 
sensory deficit could be found in the upper 
extremities. 

Examination of the eyes showed no limi- 
tation of extraocular movement. No adven- 
titious sounds could be found on ausculta- 
tion of the precordium. Passive manipula- 
tion of the head and neck showed normal 
range of motion. Audiologie evaluation 
indicated a neurogenic hearing loss in the 
left ear. 

Roentgenographic evaluation of the up- 
per extremities at the age of 6 months 
showed hypoplasia of the left radius, with 
bilateral phalangealization of the thumbs. 
The first metacarpal was absent in the 
vestigial left thumb, and the cleft between 
the index and middle fingers on the left 
appeared unusually deep. Roentgenograms 
at the age of 5 years demonstrated the 
absence of the ossification center of the 
left distal radius, which generally appears 
by the end of the first year. Ossification 
centers were found in the hamate, capi- 
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Fig 3.—Roentgenograms of hands show rather small navicular, greater 
and smaller multangular bones, and loss of thenar soft tissue. 


Fig 4.—Pedigree chart of family. 
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tate, and triquetral bones in the left wrist 
and in the hamate and capitate on the 
right. The right first metacarpal was small 
and somewhat distally displaced and lacked 
an ossification center. At 8 years of age, 
radiologic bone age, with the metacarpals 
and phalangeal epiphyses as a measure, 
was estimated to be 5 years or 312 SD below 
the norm. 

Case 3 (II-4).—This 53-year-old woman is 
the mother of patient 2 and is affected 
with bilateral Duane syndrome and bilat- 
eral congenital sensorineural deafness, 
which produces a deaf and mute condition. 
The patient has been reported to have a 
grade II or VI harsh systolic murmur that 
is best heard over the left second inter- 
costal space at the left sternal border. 
Roentgenographic studies of the chest 
showed cardiomegaly of left ventricular 
nature. These findings are related to 
severe essential hypertension that on one 
occasion resulted in an episode of epistaxis 
associated with a blood pressure of 260/120 
mm Hg. In 1973, she was treated for 
Graves thyrotoxicosis with sodium iodide I 
131 therapy. 

Findings of the physical examination 
showed a small (height, 144.8 cm), well- 
proportioned woman appearing somewhat 
older than her stated age. Bilateral Duane 
syndrome was manifested by symmetrical 
absence of eye abduction and retraction of 
the eye with slight upshoot of the globe and 
narrowing of the palpebral fissure on 
adduction. The vertical gaze was normal. 

Otoscopic examination demonstrated a 
normal-appearing right auditory canal and 
tympanic membrane. A scarred tympanic 
membrane was found on the left, with 
evidence of prior infections. 

Examination of the hands demonstrated 
hypoplasia of the thumb and thenar 
eminence bilaterally. Weakness of abduc- 
tion with normal opposition was present in 
both thumbs. The left thumb could not be 
flexed, although flexion appeared normal 
on the right. Radial deviation of the fifth 
distal phalanx was found in both hands, 
although the range of movement at the 
corresponding distal interphalangeal joints 
was normal. 

The findings of the remainder of the 
examination were unremarkable, and no 
evidence of congenital heart disease was 
recorded. Roentgenographic and electro- 
myographic studies of the upper extremi- 
ties were not performed. 

Case 4 (II-6).—The mother of patient 1, 
this 48-year-old woman is affected with 
bilateral Duane syndrome and ptosis of the 
right eye. The right thenar eminence was 
hypoplastic and the abductor pollicis brevis 
appeared to be replaced by a fibrous cord. 
The left upper extremity was normal. 
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Case 5 (II-7).—This patient was unavail- 
able for examination. According to a sister 
and niece, he has bilateral Duane syndrome 
but has normal hands. 


COMMENT 


In view of the current knowledge, it 
appears that any of a number of 
pathogenic mechanisms may be re- 
sponsible for the clinical features 
observed in Duane syndrome. The 
earliest theories proposed a mechan- 
ical basis for the abnormalities in 
ocular motility. Turk,” Duane,’ and 
more recently Breinin™ and other 
authors described cases in which the 
lateral rectus was found to be trans- 
formed into a band of connective 
tissue. Duane' reviewed a number of 
other mechanical anomalies that had 
been proposed to account for the 
absence of abduction, limitation of 
adduction, retraction, and vertical 
deflections. Interestingly, a retraction 
syndrome has been observed in a case 
of traumatic medial orbital wall frac- 
ture, resulting in narrowing of the 
palpebral fissure and retraction of the 
globe on attempted abduction.” 

Recent application of electromyog- 
raphy in studies of the pathogenesis 
of Duane syndrome has shown possi- 
ble neurogenic and myopathic causes. 
The neurogenic theories are based on 
the frequent electromyographic find- 
ing of co-contraction of the lateral 
rectus during the action of another 
extraocular muscle.*- This implies a 
paradoxical innervation of the extra- 
ocular muscles, the anomaly occurring 
either at a supranuclear or peripheral 
nerve level. 

A supranuclear lesion would account 
for the repeated electromyographic 
findings?" and the abnormal vertical 
movements with attempted adduc- 
tion®* and also could explain the co- 
occurrence of Duane syndrome and 
the congenital gustatory-lacrimal re- 
flex as suggested by Regenbogen and 
Stein, Brik and Athayde,'* and Blodi 
et al. Hoyt and Nachtigaller*® have 
proposed that the electromyographic 
and clinical findings could be ex- 
plained on the basis of aberrations in 
the peripheral motor nerves such as 
oculomotor fibers substituting for an 
absent abducens, an extra branch of 
oculomotor fibers supplying the later- 
al rectus, or an anastomosis, with the 


crossing of fibers between oculomotor 
and abducens. 

In proposing a myopathic basis for 
Duane syndrome, Strachan and 
Brown utilized computerized signal 
analysis of the electromyograph to 
demonstrate abnormally prolonged 
lateral rectus spike durations and 
reduced spike frequencies. An in- 
creased lateral rectus spike duration 
was also reported by Zauberman et 
al." Strachan and Brown explained 
these findings on the basis of a rela- 
tive increase in extraocular muscle 
slow fibers or an abnormal distribu- 
tion of muscle fibers in each motor 
unit. In the latter case, asynchrony of 
muscle fiber action potentials would 
produce a compound potential of 
greater duration. 

Duke-Elder? and Cross and Pfaffen- 
bach’ suggest that any of a number of 
pathogenic mechanisms could be oper- 
ative in a given case of Duane 
syndrome. In a study of ten cases of 
the syndrome, Zauberman et al” 
obtained the following four different 
patterns of electromyographic activ- 
ity: (1) paradoxical innervation with a 
normal nerve-firing pattern sugges- 
tive of an upper motor neuron or 
supranuclear lesion, (2) paradoxical 
innervation with a neuropathic firing 
pattern, implying a lesion of the lower 
motor neuron resulting in aberrant 
regeneration of nerve fibers, (3) 
normal innervation with a neuro- 
pathic firing pattern, indicating a 
lesion of the peripheral nerve, and (4) 
no electrical response as in a case 
described by Breinin*! where the 
lateral rectus was found to be a 
fibrous cord at surgical exploration. In 
the only histopathologic study of 
Duane syndrome, Matteucci’ ob- 
served a hypoplasia of the nucleus and 
fibers of the abducens, atrophy and 
fibrous transformation of the lateral 
rectus, and hypertrophy of the medial 
rectus muscle. 

In the present study, evaluations of 
the pedigree (Fig 4) and case histories 
indicate the presence of four congeni- 
tal anomalies: (1) bilateral Duane 
syndrome (patients I-2, I1-4, II-7, and 
III-19), (2) congenital upper-limb 
anomaly (bilateral in patients 1-2, I1-4, 
ITI-12, III-19 and unilateral in patient 
II-6), (8) congenital sensorineural 
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deafness (bilateral in patient II-4, 
unilateral in patient III-12), and (4) 
Hirschsprung disease, with agang- 
lionosis of the distal rectosigmoid 
(patient III-19). Duane syndrome, the 
congenital upper-limb anomaly, and 
congenital sensorineural deafness 
suggest a pattern of autosomal domi- 
nant inheritance in this family. The 
solitary appearance of Hirschsprung 
disease may indicate a sporadic 
occurrence. 

The pattern of Duane syndrome in 
this pedigree was bilateral in all five 
cases and spans three generations. In 
a report of Duane syndrome in four 
members of one family, Sevel and 
Kassar? were the first to describe 
bilateral involvement in successive 
generations. Although the majority of 
patients with the syndrome in the 
current study are women, pedigrees 
described by Goldfarb and Gannon,’ 
Sevel and Kassar,’ Singh and Pat- 
naik, Kirkham,'® and Francois’ 
showed no sex predominance (46 
women: 41 men). 

Right-sided ptosis with the eyes in 
primary position was noted in patient 
Il-6; similar findings were reported 
by Duane in nine ecases,' Kirkham in 
one case," Cross and Pfaffenbach in 
one case, and Pfaffenbach, Cross, 
and Kearns in three cases.* Duane’ 
suggested that the narrowed palpe- 
bral fissures did not represent a ptosis 
but rather the effect of contraction of 
the orbicularis oculi, the closure being 
as much due to elevation of the lower 
lid as to lowering of the upper lid. 

The congenital upper-limb anomaly 
observed in this family reflects a 
defect of the radial ray (consisting of 
the radius, scaphoid, trapezium, first 
metacarpal, and the two phalanges of 
the thumb), with the thumb and 
thenar eminence more frequently 
affected than proximal structures. 
Varying degrees of severity are seen, 
least involved being patient II-6 with 
unilateral hypoplasia of the thenar 
eminence. Patient I-2 was described 
as having bilateral hypoplasia of the 
thenar eminence (by history). Bilat- 
eral hypoplasia of the thenar emi- 
nence and radiologic evidence of 
delayed carpal bone development are 
seen in patient III-19. Clinical and 
electrodiagnostic studies of this pa- 
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tient showed subnormal to absent 
median nerve motor function at the 
thenar musculature without any sen- 
sory deficit. Patient II-4 displays 


more extensive involvement, with 
bilateral hypoplasia of the thumb and 
thenar eminence. Most severely af- 
fected is patient III-12, with congeni- 
tal hypoplasia of the left radius, ulna, 
and both thumbs. Radiologic studies 
demonstrated delayed bone develop- 
ment of the metacarpals and phalan- 
ges bilaterally, along with the left 
radius. 

Hypoplasia of the thumb may occur 
as an isolated defect or in a variety of 
syndromes and is often associated 
with radial hypoplasia.**** These 
radial ray defects have been seen in 
association with chromosomal aberra- 
tions, Fanconi anemia, Klippel-Feil 
syndrome, oculo-auriculovertebral 
dysplasia, oromelic complexes, thalid- 
omide embryopathy, esophageal atre- 
sia, pulmonary aplasia, and ectoder- 
mal dysplasia." In 1960, Holt and 
Oram“ described a familial syndrome 
of congenital thumb and radial ray 
defects and associated congenital 
heart disease with an autosomal domi- 
nant mode of inheritance. Subsequent 
reports™ > have confirmed the exis- 
tence of a dominantly expressed gene, 
the clinical features of which have 
been termed the Holt-Oram or car- 
diomelic syndrome. 

On the basis of the mode of inheri- 
tance and clinical features of the 
upper-limb anomaly observed in this 
family, it appears that the gene 
responsible for the Holt-Oram syn- 
drome may be present. Of pertinent 
interest is the report by Ferrell, Jones, 
and Lucas” of the familial co- 
occurrence of the Duane and Holt- 
Oram syndrome. In a pedigree span- 
ning two generations, the authors 
described one patient with both hand 
and cardiac involvement, and another 
patient with isolated hand anomaly. 
Two more individuals displayed 
Duane syndrome with only hand 
involvement, raising the possibility 
that the Holt-Oram gene may appear 
as a forme fruste as seen in kindreds 
of the Holt-Oram syndrome described 
by Pruzanski* and Lewis et al. The 
latter authors suggested that in a 
given case, the occurrence of upper- 





limb anomaly without heart defects 
and the converse may be due to the 
lack of sufficiently detailed clinical 
data. Although the family under study 
showed no evidence of congenital 
heart disease, both of the previously 
mentioned proposals support the pos- 
sible existence of the Holt-Oram 
syndrome. An additional possibility is 
raised by Bilbrey’s report” of a 
kindred affected in the dominant 
mode by an isolated congenital thumb 
anomaly with clinical features similar 
to those seen in the Holt-Oram 
syndrome. 

The congenital sensorineural deaf- 
ness seen bilaterally in patient II-4 
and unilaterally in patient III-12 best 
conforms to the pattern of autosomal 
dominant inheritance, with variable 
expressivity. Evidence of involvement 
in generation I is lacking, implying 
that nonpenetrance of the gene may 
have occurred or alternately, a new 
mutation has arisen. Also there is a 
possibility of subclinical expression of 
the gene in generation I. 

Previous reports have cited the 
coexistence of Duane syndrome and 
sensorineural deafness, “° but in 
these kindreds, a genetic pattern in 
one or the other disorder was not 
clearly identifiable. In 1969, Kirkham 
described two cases of Duane syn- 
drome in a family affected in the 
dominant mode with sensorineural 
deafness; the first report precisely 
identified the genetic pattern of the 
deafness." Unlike the deafness seen 
in the current study, the hearing loss 
observed by Kirkham was degenera- 
tive in nature, with onset usually in 
puberty. 

A definite genetic relationship is 
known to exist between Duane syn- 
drome, the Klippel-Feil anomaly, and 
sensorineural deafness,'*** which is 
the triad forming Wildervanck syn- 
drome. In view of the co-occurrence of 
Duane syndrome and congenital sen- 
sorineural deafness in patients II-4 
and III-12, the possibility of this 
syndrome was considered. Presence of 
the Klippel-Feil anomaly in these 
individuals from a clinical standpoint 
seems unlikely, and radiological stud- 
ies of the cervical spine on the propo- 
situs were normal. 

Although a simple Mendelian mode 
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of inheritance has not been demon- 
strated, genetic studies have shown an 
increased familial incidence of Hirsch- 
sprung disease.” Hirschsprung dis- 
ease has not been related consistently 
to any other congenital anomaly save 
for Down syndrome, in which the risk 
of megacolon ranges from 1.3% to 
5%.™ Apparently, the patient observed 
in the current study is the first report 
of Duane syndrome or the congenital 
upper-limb anomaly occurring with 
Hirschsprung disease in an individ- 
ual. 

The multiplicity of involvements 
and apparent hereditary nature ex- 
hibited by three of the anomalies 
suggests a common genetic factor 
operating during the embryogenesis 
of the affected structures. Supporting 
this concept is the close temporal rela- 
tionship in the morphogenic sequence 
of these structures, ranging from the 
third through twelfth weeks of gesta- 
tion, tabled as follows!!!) .1): 


j Gestation, wk 
Cranial nerves III, IV, VI, 


and their nuclei 5-8 
Innervation of extraocular 

muscles 4-6 
Inner ear auditory 

apparatus 3-20 
Upper extremity 3-7 
Migration of enteric 

neuroblasts 7-12 


This investigation was supported in part by a 
grant from the Pacific Health Research Insti- 
tute. 


Nonproprietary Name 
and Trademarks of Drug 


Sodium iodide I 131—Jodotope I-131, Ther- 
iodide-131, Oriodide-131. 
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è We describe a 16-year-old boy who 
has a progressive dementia and seizures. 
On investigation, he was found to have a 
mitochondrial myopathy and elevated lac- 
tate levels in the blood and cerebrospinal 
fluid. His sister died at 18 years of age of a 
similar condition. 

(Arch Neurol 34:180-185, 1977) 


| È omar of lysosomal enzymes 
are well-established causes of 
some forms of progressive mental 
deterioration.’ Recently, the concept 
of mitochondrial encephalopathies has 
been introduced as “a group of neuro- 
muscular disorders with defects in the 
oxidative pathways of energy produc- 
tion.’* The following disease entities 
were included: Kearns-Shy syndrome 
(ophthalmoplegia “plus”’),* Alper syn- 
drome (poliodystrophy),‘ Menkes dis- 
ease  (trichopoliodystrophy),’ Zell- 
weger syndrome (cerebrohepatorenal 
syndrome), Canavan disease (spongy 
degeneration of white matter),’ Leigh 
disease (subacute necrotizing enceph- 
alomyelitis),* and a heterogeneous 
group of progressive encephalopa- 
thies.°*:!° 

This case report deals with a 16- 
year-old boy with progressive demen- 
tia, elevated lactic acid levels, and an 
elevated lactate and pyruvate ratio. 
His sister died of a similar condition 
at 18 years of age. The additional 
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finding of low oxygen consumption 
suggests a defect of oxidative path- 
ways as the underlying cause of their 
disease process. 


REPORT OF A CASE 


The father of our patient was 50 years of 
age and in good health. The mother was 48 
years old. Since her midthirties, diabetes 
mellitus and a neurosensory hearing loss 
developed. Three children were born to this 
marriage, two daughters and a son. 

The eldest daughter was 28 years old and 
was in good health. Her son was 6 years old 
and had delayed gross motor development. 
He walked unsupported at 26 months of 
age and when examined, was clumsy. His 
lactic, pyruvic, and uric acid levels were 
normal, as were the EEG and computed 
tomographic scan. 

The second daughter was the product of 
a normal full-term pregnancy and delivery. 
Her birth weight was 3,799 gm. Her phys- 
ical and mental development were normal 
until 7 years of age, at which time she had 
her first nocturnal seizure. These seizures 
recurred at infrequent intervals. From 
that time, considerable deceleration of 
physical growth was noted. From the age 
of 11 years, she began having episodes of 
headaches and vomiting, sometimes fol- 
lowed by generalized seizures. At 12 years 
of age, she was described as withdrawn, 
and a left homonymous hemianopsia was 
discovered. Her Stanford-Binet IQ was 92. 
From then on, her course was characterized 
by numerous minor and major seizures, 
transient episodes of mutism, and total 
blindness on one occasion. Later her vision 
became poor. She had a sudden onset of a 
left permanent hemiparesis and died at 18 
years of age in a state institution. 

Her brain weighed only 810 gm, and 
there was obvious atrophy, with enlarged 
ventricles, especially of the occipital horns. 
The results of the histologic examination 
of the brain were consistent in appearance 


with progressive cerebral poliodystrophy. 
There was obvious cortical atrophy, with 
severe loss of neurons of the cerebral 
cortex. There was gliosis, as well as spongy 
alteration of layers of the cerebral cortex. 
There was moderate microcystic liquefac- 
tion, producing a uniform outlining of the 
cerebral cortical ribbon throughout. Pro- 
found neuronal alterations were present in 
the basal ganglia and in the granular layer 
of the cerebellum, but not in the hippocam- 
pus. Diffuse granular basophilic deposits, 
consistent with an iron-mucopolysaccha- 
ride-calcium complex, were present in the 
basal ganglia. These were largely confined 
to blood vessels, both within the media and 
around the blood vessels. 

Our patient was a 16-year-old boy born 
after 36 weeks of pregnancy. Labor was 
induced because of poor fetal heart tones 
suggestive of fetal distress. The delivery 
was uncomplicated and from a cephalic 
position. His birth weight was 2,381 gm, 
and there were no problems in the neonatal 
period. The infant had normal early devel- 
opmental “landmarks.” 

In the first grade, he was a “slow learn- 
er.” When tested at 6 years and 10 months 
of age, his Stanford-Binet IQ score was 86. 
At 9 years of age, he had a prolonged 
episode of agitated confusion for three 
days and “acted like an animal,” according 
to the parents. At 10 years of age, head- 
aches and short tonic spasms, frequently 
focalized to the left side, developed. At 11 
years of age, he had a prolonged general- 
ized seizure, with considerable postictal 
regression, and was unable to talk or walk 
for days. Progressive deterioration of his 
intelligence was recorded, the Wechsler 
Intelligence Scale for Children (WISC) full 
scale IQ being 62 and 44 at the age of 10% 
years and 112 years, respectively. 

At 11% years of age, he had a low calcium 
level of 7.5 mg/100 ml and an elevated 
inorganic phosphorus level of 8 mg/100 ml. 
Treatment with oral calcium, vitamin D, 
and phenobarbital was initiated. In spite of 
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Fig 1.—Skeletal muscle (serial section), x 1,400. Staining with hematoxylin-eosin (A), NADH-TR (B), 
ATPase with pH 9.4 (C), and ATPase with pH 4.6 preincubation (D). Intense subsarcolemmal staining with 
hematoxylin-eosin increased oxidative enzyme activity with NADH-TR in some areas. changes limited to 
type | fibers. These areas are unstained and vacuolated with myosin ATPase reaction pH 4.6. 


the treatment, he continued to have 
frequent “absence” spells, tonic spasms, 
transient agitated confusional states, and 
progressive mental deterioration. Vomit- 
ing rarely occurred. 

He weighed 31 kg and measured 150 em, 
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with a head circumference of 50 em (all 
values were under the third percentile). 
The vital signs were normal. His general 
examination findings were unremarkable 
and his teeth, nails, and hair 
normal. 


were 


On the neurological examination, he ar- 
ticulated well and had good sentence 
construction. However, he frequently re- 
sponded to questions inappropriately. He 
was unable to read or write his name and 
could not draw a diamond. In spite of his 
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limitations, he enjoyed his examination 
and cooperated to the best of his abilities. 
The temporal visual fields were full, and 
the fundi were normal. Visual acuity was 
normal. Palpebral fissures were asymmet- 
rical, with the left side smaller than the 
right. On upward gaze, the right ocular 
globe did not elevate as well as the left, and 
there was a slight limitation of abduction 
of the left eye. There was no nystagmus. 
The size of the pupils was equal; they 
reacted to light and on accommodation. 
The facial expression was bland, and there 
was diminution of movement of the right 
inferior labial depressor. Hearing acuity 
was mildly diminished. The tongue and 
palate were normal. 

The muscle bulk appeared diminished, 
especially that of the gastrocnemius mus- 
cle, yet muscle strength and tone were 
normal. Muscle stretch reflexes were 
normal. The child had normal plantar 
responses. The heel cords were tight bilat- 
erally. He tended to walk on his toes with a 
poor associated arm swing and reached for 
objects without tremor. All movements 
were performed slowly. There was consid- 
erable generalized hyperalgesia, yet vibra- 
tion and position sense were intact. 


DIAGNOSTIC AND 
FOLLOW-UP STUDIES 


The following laboratory tests were 
normal: routine complete blood cell 
count and urinalysis, fasting blood 
sugar, BUN, SGOT, lactic dehydro- 
genase, creatine phosphokinase, sodi- 
um, potassium, chlorine, cholesterol 
and cholesterol esters, triglycerides, 
immunoglobulins, ceruloplasmin, 17- 
ketosteroids, 17-hydroxycorticoste- 
roids, and free thyroxine. No anti- 
bodies were found against the micro- 
somal fraction of the thyroid gland or 
the thyroglobulins. Numerous carbon 
dioxide content studies were done, 
usually the results were normal, but 
occasionally, low values were noted, 
the lowest being 12 mEq/liter (19N to 
25N). The CSF was clear, free of cells, 
and contained 100 mg/100 ml of 
glucose, 24 mg/100 ml of protein, and 
4 mg/100 ml of IgG. 

The fasting free fatty acid level was 
slightly elevated to 1.12 mEq/liter 
(0.19N to 0.9N). The venous lactic acid 
level was 25 mg/100 ml (3N to 12N) 
and the pyruvic acid level was 1 mg/ 
100 ml (0.8N to 0.7N) thus giving a 
lactate and pyruvate ratio of 25 (15N). 
In view of the above results, arterial 
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and CSF levels of these acids were 
obtained. The resulting levels were as 
follows: arterial lactate, 21 mg/100 ml; 
pyruvate, 1 mg/100 ml; and lactate 
and pyruvate ratio, 21. Cerebrospinal 
fluid lactate level was 26.9 mg/100 ml, 
the pyruvate value was 1.1 mg/100 ml, 
and the lactate and pyruvate ratio was 
24.4. Cerebrospinal fluid and plasma 
amino acid levels were normal except 
for a slight elevation of the alanine 
level, 57.8 umole/100 ml (14N to 30N) 
in the plasma and 5.75 pmole/100 ml 
(1.66N to 3.72N) in the CSF. 

When the child was placed on a 


` ketogenic diet 1:3, the venous lactic 


and pyruvie acid levels increased to 
29.47 mg/100 ml and 1.36 mg/100 ml. 
Uric acid level increased from 8.5 mg/ 
100 ml to 10.5 mg/100 ml (7.0N). Since 
he had more seizures, became lethar- 
gic, and hyperventilated, the diet had 
to be discontinued on the fourth day. 

Skull x-ray films were normal. Long 
bones were of normal density and 
texture, with an estimated bone age 
of 14 years. The chest x-ray film was 
negative, and the heart was of normal 
size and configuration. A Wolff- 
Parkinson-White pattern was seen on 
the ECG. The echocardiogram showed 
normal myocardial function, without 
chamber enlargement or hypertrophy. 
A moderate sensorineural hearing loss 
was found on the audiogram. 

The background rhythms of the 
EEG were of low amplitude, 5 to 6 cps, 
with diffuse atypical spike and wave 
discharges as well as focal spike 
discharges mainly over the right 
frontal area. Motor conduction veloci- 
ty of the left peroneal nerve was 50/ 
sec (50 + 5.38N). The electromyogram 
(EMG) of the lower limb muscles was 
normal. 

The computed tomographic scan 
showed dilated ventricles, especially 
the right. The subarachnoid space and 
interhemispheric fissures were di- 
lated, with widened sulci. After injec- 
tion of an iodinated compound, the 
sagittal sinus appeared to have 
deviated to the right, and on the 
higher cuts, the right hemisphere was 
smaller. 

Oxygen consumptions were very 
low both in the basal, 61.4 ml/min, and 
resting, 103 ml/min, states. The pre- 
dicted value for his surface area was 





Author Patient/Sex/Age, yr 
D'Agostino et altt 15  1/F/20 
2/F/11 


(sister who died) 


Van Wijngaarden 3/M/15 
et al’® 
Tarlow et al'7 4/F/9 
Allen'® 5/M/5 
Rawles and Weller'® 6/M/20 
7/M/24 
(brother) 
Tsairis et al?° 8 and 9/F 
(sisters) 
Shapira et alt? 10/F/16 
(died) 
11/M/10 
(died) 
Present study 12/M/16 
13/F/18 
(died) 
190 ml/min." 


Oral calcium and vitamin D therapy 
were discontinued for 242 months. The 
initial values were as follows: calcium, 
9.2 mg/100 ml; phosphorus, 5.5 mg/100 
ml; and alkaline phosphatase, 11.2 
Bodansky units. At the end of that 
period, the calcium value was 7.4 mg/ 
100 ml (9N to 11N), the phosphorus 
level was 4.4 mg/100 ml (4N to 6N), 
and the alkaline phosphatase value 
was 8.7 Bodansky units (5N to 10N). In 
spite of the drop of calcium, the child 
was not adversely affected. Gluconate 
calcium and vitamin D treatment 
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immary of Cases of Elevated Lactate Level Associated With Myopathies 


r 


Presenting Symptoms 


At 8 yr, failure to gain weight; later 
seizures; muscle weakness. 


Always small; later, easy fatig- 
ability, muscle weakness, and 
vomiting. 


At 4 yr, waddling gait. 


At 4 yr, easy fatigability, episodic 
weakness. 


Two bouts of areflexic flaccid 
paralysis at 2 and 4 yr. 


At 12 yr, onset exertional dyspnea. 


Fainting spells, exertional 
dyspnea since childhood. 


At 4yr, muscle wasting, decelera- 
- tion of growth; later, headache, 
vomiting after exercise. 


At 3 yr, decelerated growth; later, 
poor exercise tolerance, head- 
ache, vomiting, proximal muscle 
weakness; spontaneous 
improvement. 


At 6 yr, onset insidious dementia; 
later, generalized and left focal 
seizures. 


At 7 yr, nocturnal seizures, 
deceleration of growth; later, 
headache, vomiting, seizure, 
homonymous hemianopsia, and 
transient blindness. 


* BMR indicates basal metabolic rate; Ca, blood 


electromyogram. 


Findings and Outcome 


Association of Lactic Acid Acidemia and Mitochondrial Myopathy 


Normal IQ, growth failure, neuro- 
sensory hearing loss, and 
proximal muscle weakness. 


Normal IQ, growth failure, neuro- 
sensory hearing loss, proximal 
muscle weakness; died from 
irreversible lactic acidosis. 


IQ, 78; hypertrophic calves, 
proximal muscle weakness. 


At 6 yr, growth failure, marked 
truncal, proximal muscle weak- 
ness; at 9 yr, spontaneous 
improvement. 


At 19 yr, pain, edema, muscle 
weakness in lower extremities; 
at 20 yr, recurrence, anemia, 
acidosis, high output heart 
failure; spontaneous improve- 
ment. 


At 18 yr, transient weakness of 
lower extremities and anemia. 


Laboratory Investigation 


Normal BMR,* nerve conduction, 
CSF, CPK, and Ca levels; EMG 
(myopathic); EEG, abnormal. 


Normal BMR, CPK, and Ca levels; 
EMG (myopathic). 


Normal BMR, CSF, CPK, and Ca 
levels; EMG (myopathic); EEG, 
abnormal. 


Normal BMR; elevated CPK level: 
EMG (myopathic). 


Abnormal alanine and glucose 
tolerance tests, with elevation 
of blood lactic acid level. 


Elevated serum iron level; patho- 
logic elevation of blood lactate 
level with minor exercise; 
transient sideroblastic anemia; 
EMG (myopathic). 


Elevated resting blood lactate 
level; sideroblastic anemia. 


Lactic Acidemia With Predominantly CNS Findings 


Normal intelligence, myoclonic 
seizures, motor ataxia, neuro- 
sensory hearing loss, diffuse 
muscle weakness, and easy 
fatigability. 


At 12 yr, seizures and proximal 
muscle weakness, ptosis; at 
14 yr, progressive dementia, 
left hemiparesis, hemianopsia, 
and deafness. 


At 8 yr, recurrence of symptoms; 
at 9 yr, seizures, progressive 
dementia; at 10 yr, blind optic 
atrophy, macular degeneration, 
and pyramidal signs. 


At 16 yr, trainable retarded, 
growth failure, mild limitation of 
movement of extra ocular 
muscles, and tight heel cords. 


At 16 yr, severely retarded, bed- 
ridden, left hemiparesis, poor 
vision, and numerous minor 
seizures. 


Elevated CSF lactate level; mother 


had elevated blood lactate level. 


Intracranial dust-like calcification; 
EEG abnormal and diffuse and 
focal; increased oxygen con- 
sumption; CSF elevated lactate 
and protein levels; elevated 
CPK level; normal EMG, nerve 
conduction, and Ca level. 


Norma! CSF and CPK levels; EEG, 
abnormal. 


EEG, abnormal, diffuse, and focal; 
CT brain atrophy; diminished 
oxygen consumption, and Ca 
level; normal CT scan, nerve 
conduction, and CSF: elevated 
lactate level; neurosensory 
hearing loss. 


Intracranial calcification; EEG, 
abnormal, diffuse, and focal: 
norma! CSF. 


Pathology and Genetics 


Mitochondrial cardiomyopathy. 


Loosely coupled state of oxidative 
phosphorylation of mitochondria. 


Elevated CPK level in mother and 
in some first degree relatives; 
autosomal dominant. 


Father was asymptomatic with a 
high resting blood lactate level: 
sister had elevated blood lactate 
level with minor exercise; 
autosomal dominant. 


Brother and mother with proximal 
muscle weakness; autosomal 
dominant. 


Normal heart; focal area neuronal 
loss in cortical mantle; ferro- 
calcific deposits in basal ganglia. 


Mother had diminished peripheral 
vision. Autosomal dominant or 
autosomal recessive with heter- 
ozygote expression? 


Mother with neurosensory hearing 
loss; nephew was clumsy. 


Pathologic examination similar to 
Shapira's patient. 


calcium; CT, computerized transaxial tomography; CPK, creatine phosphokinase; and EMG, 


were restarted. 

On a daily regimen of 40 mg of 
prednisone daily, 100 mg of thiamine 
three times a day, 1.5 gm of oral 
elemental calcium, 5,000 units of 
vitamin D, and 100 mg phenobarbital 
at bedtime, we noted no improvement 
of exacerbation of symptoms. On this 
regimen, the venous lactate level was 
20 mg/100 ml, the pyruvate value was 
1.1 mg/100 ml, the calcium level was 
9.4 mg/100 ml, the phosphorus value 
was 5.6 mg/100 ml, and the alkaline 
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phosphatase level was 10.4 units. 


PATHOLOGIC EXAMINATIONS 


A biopsy specimen of the quadri- 
ceps femoris muscle and a full thick- 
ness rectal biopsy specimen were 
taken. Portions of each specimen were 
immediately fixed in ice-cold 3% 
glutaraldehyde and processed for elec- 
tron microscopy. The remaining por- 
tion of the muscle was frozen in 2- 
methyl-butane, cooled in liquid ni- 
trogen. Frozen sections were stained 


with hematoxylin and eosin, Gomori 
trichrome stain, and oil red-O, and for 
myofibrillar sections, adenosine tri- 
phosphatase (ATPase) at pH 9.4 and 
with preincubation at pH 4.6, reduced 
nicotinamide adenine dinucleotide 
tetrazolium reductase (NADH-TR), 
and phosphorylase. The remaining 
fragment of the rectal biopsy spec- 
imen was fixed in 3.7 formaldehyde 
and processed for wax embedding. 
Sections of the fixed tissue were 
stained with hematoxylin and eosin 
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Fig 2.—Electron micrograph of smooth muscle of rectum, x 16,500. Note increased mitochondrial 


aggregates adjacent to plasma mem 


and PAS reaction, oil red O, Sudan 
black B. and Gomori trichrome stain. 


Light Microscopy 


With hematoxylin and eosin and 
trichrome stains, scattered fibers with 
a characteristic “ragged red’ ap- 
pearance were observed (Fig 1). 
Increased NADH-TR activity was 
observed in the subsarcolemmal areas 
and intermyofibrillar spaces. With the 
ATPase reaction, the affected fibers 
were shown to be type 1. The rectal 
biopsy specimen was normal. 


Electron Microscopy 


In the subsarcolemmal areas and 
intermyofibrillar spaces of skeletal 
muscle fibers, there was an increased 
number of mitochondria of variable 
size. The largest mitochondria had 
increased number of cristae. The 
banding pattern of the sarcomere was 
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normal. There were no abnormalities 
in the single ganglion cell observed in 
the rectal biopsy specimen, but the 
smooth muscle fibers had excessive 
aggregates of mitochondria and di- 
lated rough endoplasmic reticulum 
(Fig 2). 


COMMENT 


Abnormal mitochondrial aggre- 
gates are frequently suspected when 
“ragged red muscle fibers” are ob- 
served. This terminology is derived 
from the smeary red stain imparted to 
these aggregates with the Gomori 
trichrome stain. These accumulations 
tend to be subsarcolemmal and inter- 
myofibrillar." 

The clinical syndrome most fre- 
quently associated with “ragged red 
fibers” is the Kearns-Shy syn- 
drome. The patients have ptosis, 
progressive 


brane. SM indicates smooth muscle. 


ophthalmoplegia, and 


proximal muscle weakness. Other ac- 
companying features are occasional 
mild mental retardation, ataxia, retin- 
itis pigmentosa, neurosensory hearing 
loss, small stature, various degrees of 
conduction defect of the heart, and 
elevated spinal fluid protein levels. In 
one case report, a cerebellar biopsy 
specimen was obtained from an adult 
and abnormal mitochondria were 
found in the Purkinje and granular 
cells.” 

Although an elevated blood lactate 
level is not a constant feature of 
myopathies with “ragged red fibers,” 
there have been reports in recent 
years of such an association." >" The 
table summarizes these cases. More- 
over, Sengers et al*' has reported that 
seven of 22 children of three unrelated 
families had the following features: 
normal intelligence, congenital cata- 
ract, easy fatigability, and hyper- 
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trophic cardiomyopathy, with patho- 
logical elevation of the lactic acid level 
after minor physical exertion. In these 
patients, mitochondrial myopathy and 
cardiomyopathy were found. It is 
apparent on reviewing the table that 
the association of elevated lactate 
levels and mitochondrial myopathy 
does not constitute a single disease 
entity. This is not surprising, as the 
exact site of the metabolic abnor- 
mality was not defined in any of these 
patients. 

The elevated blood uric acid levels 
were expected in view of the known 
negative correlation between blood 
lactate levels and urate clearance in 
man. On the other hand, we were 
unable to account for hypocalcemia 
and normal blood phosphorus levels in 
our patient. 

Our findings of abnormal aggre- 
gates of mitochondria in muscle, 
concomitant with elevated lactate lev- 
els in blood and CSF, as well as consid- 
erably diminished oxygen consump- 
tion with normal thyroid function 
could be explained on the basis of 
defective intracellular respiration. 
Cases of mitochondrial myopathies 
have been demonstrated with either 
diminished mitochondrial respira- 
tion™ or a hypermetabolic state.?'-?" 

Normally the lactic acid concentra- 
tion in the CSF is slightly higher than 
in the blood, and these levels vary 
somewhat independently." In cases 
where the primary disease was extra- 
cranial, as in von Gierke disease, the 
blood lactate levels were much higher 
than in the CSF. In our case, the 
higher level was in the CSF, suggest- 
ing defective mitochondrial function 
in the brain cells. Whether abnormal 
mitochondria are present in the brain 
tissue in our case would require a 
brain biopsy, a procedure not under- 
taken lightly. Therefore, this question 
was left unanswered. However, in a 
case of Alper disease, with an elevated 
blood lactate level and lactate and 
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pyruvate ratio, a brain biopsy spec- 
imen was obtained and abnormal 
mitochondria were found in the neu- 
rons.’ 

Table 1 summarizes the case reports 
in which the dominating clinical 
features were of central nervous 
system origin, ie, myoclonic seizure or 
progressive dementia. In all these 
cases, lactate levels in the CSF were 
elevated. It is suggested that in cases 
of obscure progressive encephalopa- 
thies, observation of an elevated 
lactate level in the CSF may be of 
diagnostic importance. 


Max Newman, MD, and Michael Nigro, MD, of 
the Michigan Chapter of the Muscular Dystrophy 
Association provided encouragement and helpful 
suggestions. Fred A. Uchwat, MS, performed the 
electron microscopy work. 
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Brief Communications and Clinical Notes 





Meningoencephalopathy Secondary to 


Infectious Mononucleosis 


Unusual Presentation With Stupor and Chorea 


Robert Friedland, MD, Melvin D. Yahr, MD 


e We report a case of infectious mono- 
nucleosis in which central nervous sys- 
tem involvement was the presenting and 
sole manifestation of the disorder. The 
major symptomatology consisted of stu- 
por, chorea, and signs of aseptic meningi- 
tis. We also discuss the clinical and labo- 
ratory features of the neurological mani- 
festations of infectious mononucleosis 
and the theories as to its pathogenesis. 

(Arch Neurol 34:186-188, 1977) 


ee Johansen in 1931 called atten- 
tion to the involvement of the 
nervous system in infectious mononu- 
cleosis (IM), numerous confirmatory 
reports have appeared.'’ It is pres- 
ently estimated that 2% of patients 
suffering from this disorder have 
some type of neurological dysfunc- 
tion. Most frequently encountered is 
aseptic meningitis. However, signs 
and symptoms of involvement of 
various regions of the peripheral as 
well as central nervous system have 
been described. Though complete re- 
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covery is the rule, 10% to 12% of 
patients with neurological manifesta- 
tions are described as having residual 
defects and mortality has been noted 
to be as high as 8%.° Most frequently, 
neurological dysfunction in infectious 
mononucleosis occurs after the more 
usual generalized symptoms of the 
disease have been present for a period 
of time. Only rarely has it been 
recorded as the initial and major 
symptomatology. The occurrence of a 
case of infectious mononucleosis in 
which the presenting and exclusive 
symptomatology of the disorder was 
an unusually severe form of menin- 
goencephalopathy with subsequent 
rapid and full recovery is demon- 
strated in this report. Such an 
instance is of more than passing 
interest from the viewpoint of clinical 
characteristics of the disorder as well 
as its pathogenesis. 


REPORT OF A CASE 


A 17-year-old girl was in her usual state 
of good health when she complained of a 
sore throat and pain behind both knees. 
The following day she had a temperature 
of 39.3 C, with continued leg pain, unre- 
lieved by aspirin and codeine. Though she 
went to bed apparently alert, she was 
found the next morning to be unrespon- 
sive, gasping for breath, vomiting, and 


“flinging her arms wildly.” On admission 
to a hospital in her community, she was 
found to be febrile and unresponsive 
except to deep pain stimulation. There was 
irregular choreic movements of the distal 
portions of the extremities, face, and 
tongue, and occasional grunting noises as 
well as a stiff neck. The considerable 
choreic movements of the upper extremi- 
ties were sustained despite increasing 
stupor. Several hours after admission, left 
facial weakness was noted. A spinal tap 
showed slightly xanthochromie CSF, and 
the following values were noted: WBC 
count, 187/mm; a normal lymphocyte 
count; total protein content, 490 mg/100 
ml; and glucose, 70 mg/100 ml. A Gram- 
stain and culture were negative. The blood 
glucose value was 109 mg/100 ml, and the 
prothrombin time was 20/12 sec. The 
monospot slide test was questionably posi- 
tive. A complete blood cell count showed a 
hemoglobin value of 14.9 gm/100 ml, a 
hematocrit value of 42%, a WBC count of 
9,600/cu mm, 61% polymorphonuclear leu- 
kocytes, 36% lymphocytes, 3% monocytes, 
9% atypical lymphocytes, and a platelet 
count of 221,000 cu mm. 

She was transferred to Mt Sinai Hospi- 
tal, New York, on the following day and 
was found to have a blood pressure of 110/ 
80 mm Hg, a heart rate of 100 beats per 
minute, a respiratory rate of 20/min, and a 
temperature 38.1 C. Findings of the exam- 
ination of the skin, head, eyes, ears, nose, 
throat, chest, heart, and extremities were 
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Initial EEG (A). Representative tracing shows 1 to 3 cps high voltage activity while patient 
is in stupor. Electroencephalogram taken three days later (B) is normal. Patient was 


drowsy during recording. 


normal. The liver and spleen were not 
palpable, but enlarged posterior cervical 
lymph nodes were noted. She was unre- 
sponsive except to superficial and deep 
painful stimuli. Nuchal rigidity and a 
Kernig sign were present. Fundi were 
normal and pupils were equal and reactive 
to light, with full eye movements to oculo- 
cephalic testing. A mild paresis of the 
upper and lower left facial musculature 
was recorded. All four extremities moved 
appropriately to pinprick and stretch 
reflexes were 2+ and symmetrical. There 
was a right toe Babinski sign. 

An EEG demonstrated continuous irreg- 
ular 1 to 3-eps activity up to 250 nV, witha 
large amount of 4 to 6-cps activity up to 160 
uV symmetrically and diffusely (Fig 1a). 
Spinal tap showed the following values: 
opening pressure, 200 mm of H,O; total 
protein content, 157 mg/100 ml; glucose, 83 
mg/100 ml; RBC count, 3/mm; and WBC 
count, 71/mm; with 2% polymorphonuelear 
leukocytes, 84% lymphocytes, and 14% 
monocytes. The hemoglobin value was 13.3 
gm/100 ml, the hematocrit concentration 
was 30%, the WBC count was 9,100/cu mm, 
with 43% polymorphonuclear leukocytes, 
17% band cells, 20% lymphocytes, 9% mono- 
cytes, and 11% atypical lymphocytes. Cere- 
brospinal fluid Gram stain and culture 


were negative. Prothrombin time was 15/ 


12 sec, and partial prothrombin time was 
78.5/54 sec. The monospot slide test was 
strongly positive. The chest x-ray film was 
negative and urinalysis results were nor- 
mal. ' 

Over the next 24 hours, her stupor 
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lightened and she became awake but 
agitated. Her speech was coherent, but she 
would not follow commands and showed 
emotional lability as evidenced by frequent 
unprovoked crying. Left facial paresis and 
a right toe Babinski sign persisted. On the 
following day, she was more responsive but 
still irritable, with inability to do simple 
calculations or reversals. Subsequently, her 
mental status gradually returned to nor- 
mal, and the right toe Babinski sign and 
left facial paresis were no longer noted. An 
EEG obtained on the seventh day of her 
illness was completely within normal limits 
(Fig 1b). 

Her heterophile titer rose from 1:224 on 
the third day of illness to 1:448 on the 
fourth day, with a heterophile absorption 
titer of 1:224. Titers repeated on subse- 
quent occasions through the tenth day of 
illness were unchanged. Serum was posi- 
tive for Epstein-Barr virus antigen by 
indirect immunofluorescent test, and a 
serum anti-Epstein-Barr virus complement 
fixation titer of 1:16 was noted. Attempts 
at isolation of virus from blood and CSF 
were not successful. Additional laboratory 
work showed negative results for serum 
and cerebrospinal fluid VDRL and contin- 
ued abnormalities in the WBC count, which 
on the eighth day of illness demonstrated 
the following values: hemoglobin, 13.7 gm/ 
100 ml; hematocrit, 41.2%; 6,200 WBC; 25% 
polymorphonuclear leukocytes; 63% lym- 
phocytes; 10% monocytes; 2% band cells; 
and 24% atypical lymphocytes. The crea- 
tine phosphokinase (CPK) value was 2,858 
mU/ml (normal, < 145 mU/ml), the SGOT 


value was 97 mU/ml (normal, 8 to 40), the 
SGPT value was 85 mU/ml (normal, 8 to 
40), and the lactic dehydrogenase (LDH) 
value was 234 ImU/ml (normal, 90 to 200). 
The 6- and 12-factor automated blood 
chemistry analyses were otherwise normal. 
The ECGs were negative. Febrile agglu- 
tinins were negative, rubella hemaggluti- 
nation inhibition was 1:128; parainfluenza 
1, 1:80; parainfluenza 2, 1:40; parainfluenza 
3, 1:80; and influenza, 1:40. Adenovirus, 
cytomegalovirus, lymphocytic choriomen- 
ingitis, herpes simplex, herpes zoster, and 
mumps virus were all less than 1:8. Antinu- 
clear antibody and latex fixation reactions 
were negative. She was discharged on the 
11th hospital day with no neurological defi- 
cit. She has remained clinically normal on 
follow-up visits over a period of one year. A 
repeat EEG was within normal limits. 
However, eight months after discharge, 
continued serum positivity for Epstein- 
Barr virus antigen by an indirect immuno- 
fluorescent test and a serum anti-Epstein- 
Barr virus complement fixation titer of 
1:16 were still present. Heterophilic studies 
using sheep red blood cell and ox cell 
hemolysis tests were also positive. Serolog- 
ical studies for measles, influenza, and 
herpes simplex viruses among others were 
negative. 


COMMENT 


Neurological symptoms or signs 
may precede, follow, or occur as the 
sole manifestation of an attack of 
IM." Regardless of their manner of 
presentation or nature, it is indeed 
rare for them to appear abruptly. This 
patient showed a remarkably rapid 
onset of a severe disturbance of 
consciousness, with an equally strik- 
ing rapid and complete recovery. 
Though alterations in consciousness 
have been described in IM, they have 
not previously been recorded as a 
presenting symptom. 

Associated with the disturbance in 
consciousness was the unusual oc- 
currence of chorea. The choreic move- 
ments that were quite striking in the 
early stages of this patient’s illness 
and later subsided have also been 
rarely recorded in IM.“ Other invol- 
untary movements such as athetosis 
of the arms and involuntary grimac- 
ing, sucking, and mouthing move- 
ments have also been noted.'’-* As one 
reviews the literature, it is apparent 
that the spectrum of central and 
peripheral disturbance is quite broad 
and random. One of us has previously 


Meningoencephalopathy—Friedland & Yahr 187 


reported selective involvement of the 
peripheral autonomic pathways in 
IM.’ 

The laboratory findings in patients 
with neurological manifestions of IM 
have been well demonstrated. Atypi- 
cal lymphocytes and heterophil agglu- 
tinins have been observed in the cere- 
brospinal fluid! The present case 
demonstrates a meningeal response of 
extraordinary intense severity that 
has only been infrequently noted in 
IM. The EEG abnormalities are vari- 
able when cerebral involvement occurs 
in IM. Focal or generalized high 
voltage slow wave activity has been 
described." An interesting instance 
of a coma of four days duration with 
absent respirations, flat EEG, and 
eventual complete recovery has also 
been reported.* Though initially con- 
siderably abnormal, the EEG in this 
patient rapidly normalized. 

Pathological studies of the nervous 
system in IM have showed mononu- 
clear cell infiltration in perivascular 
spaces and in cranial, spinal, and 
peripheral nerves as well as spinal 
roots.’ Atypical mononuclear inflam- 
matory cells forming cuffs around 
small blood vessels and scattered 
diffusely through parenchyma with 
“fairly large, round oval or slightly 
indented vesicular nuclei” have been 
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observed. Degeneration of ganglion 
cells of the cerebrum, brain stem 
nuclei, and the Purkinje cells of the 
cerebellum have also been noted." 
Diffuse pericellular and perivascular 
edema and swelling of the myelin 
sheath of peripheral nerves have been 
seen with diffuse petechiae and cord 
grey matter hemorrhages.’ These 
findings have been variably inter- 
preted as being indicative of the 
infectious or “allergic” nature of IM 
as regards its CNS involvement. 
While Epstein-Barr virus has been 
convincingly demonstrated to the eti- 
ologic agent of IM,” the pathogenesis 
of the neurological manifestations of 
IM has not been clearly established. 
Infectious mononucleosis is thought to 
be a primary infection in a nonim- 
mune subject or possibly a reactiva- 
tion of the virus, as seen with other 
herpes viruses.'® Epstein-Barr virus 
antibodies have been recently found 
in the cerebrospinal fluid of patients 
with neurological manifestations of 
the disease.“ Whether this rep- 
resents an acute Epstein-Barr viral 
“neuraxitis” or an encephalomyelo- 
neuropathy of toxic or immunologic 
origin in these patients is still open to 
question. The rapid reversibility of 
the severe brain dysfunction in this 
patient tends to favor the latter. 
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Though it has been suggested that the 
presence of Epstein-Barr virus anti- 
bodies in the cerebrospinal fluid is an 
“indication that the encephalitic man- 
ifestations of infectious mononucleo- 
sis are due to the actual presence of 
Epstein-Barr virus in cerebral nervous 
tissue,” convincing evidence is lack- 
ing. Conceivably, as has been sug- 
gested, both situations may occur with 
one or the other pertaining in a given 
patient." 

Awareness that neurological mani- 
festations may be of rapid onset, that 
they may occur as the initial and sole 
manifestation of an attack of IM, and 
that recovery may be complete is of 
considerable import to the clinician. 
Infectious mononucleosis is one of the 
few causes of encephalopathy for 
which diagnostic laboratory confirma- 
tion is easily and rapidly available. It 
should be considered in all young 
patients with acute onset of neurolog- 
ical disease. 
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Reversible Subacute Peripheral N europathy 


Induced by Phenytoin 


Bruce H. Dobkin, MD 


® Dysesthesia and sensory and reflex 
loss in the legs developed in a patient 
treated for seizures with phenytoin (di- 
phenylhydantoin) for one year. Her serum 
drug levels had been in the therapeutic 
range, and no other clinical toxic reac- 
tions had been noted. The peripheral 
neuropathy resolved when phenytoin ther- 
apy was discontinued. 

(Arch Neurol 34:189-1 90, 1977) 


Pore of peripheral neuropathy 
associated with phenytoin (di- 
phenylhydantoin) usage have been 
limited to descriptions of patients 
with reactions that were acutely 
toxic'* or patients maintained on the 
drug for many years.‘-° This report 
describes a patient who experienced 
the unusual complication of a periph- 
eral neuropathy after using phenytoin 
for only one year, with therapeutic 
serum levels and no other suggestion 
of intoxication. 


REPORT OF A CASE 


A 34-year-old woman first came to the 
Neurology Service with a six-month histo- 
ry of brief episodes during which she 
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smelled a peculiar odor: on the day of 
admission, they were followed by two 
generalized, tonoclonic seizures. Findings 
of her physical examination were unre- 
markable except for general hyperreflexia 
that included the jaw jerk, but no patholog- 
ical reflexes were present. The EEG 
showed independent spike and wave 
discharges from the left and right tempo- 
ral regions. Other laboratory studies, 
including computerized axial tomography 
of the brain, a technetium Te 99m brain 
scan, spinal fluid protein and cell count, 
routine blood chemistry studies, complete 
blood cell count, determinations for thyrox- 
ine and antinuclear antibody, and VDRL 
serology test, were unremarkable. A diag- 
nosis of convulsive disorder, probably 
secondary to her history of perinatal hy- 
poxia, was made. 

The patient was treated with 300 mg of 
phenytoin (4.5 mg/kg) daily and examined 
at three-month intervals. She denied any 
further seizures or any side effects from 
the medication. She did not manifest 
nystagmus, drowsiness, dysarthria, or 
ataxia. Her deep tendon reflexes (DTR) 
were consistently hyperactive. Serum phe- 
nytoin levels ranged from 0.9 to 1.7 mg/100 
ml. 

Between clinic appointments and about 
12 months after Starting phenytoin ther- 
apy, the patient first noted mild tingling of 
the soles of her feet. Four months later, the 
level of the dysesthesia had gradually 
reached the lower calves. She complained 
that the ground felt as if she were “walk- 
ing on silk.” She denied paresthesias in the 
upper extremities, paresis, incoordination, 
change in phenytoin dosage, use of other 


drugs or alcohol, toxin exposure, weight 
loss, or antecedent illness. Findings of her 
general examination were unremarkable. 
Adenopathy, gum hypertrophy, and hirsu- 
tism were not seen. Neurologic examina- 
tion showed intact cranial nerve function 
without nystagmus and normal strength 
without muscle atrophy or fasciculations. 
She could easily toe and heel walk. Reflexes 
in upper extremities were hyperactive, but 
were now absent at the knees and ankles. 
Sensory examination showed mild hyperes- 
thesia and decreased pin sensation over the 
soles of both feet and dorsum of the toes. 
Vibration sense was mildly diminished 
only at the toes and ankles. She could judge 
changes in toe joint position only with 
greater than 30° movements but had no 
deficit at the ankles. She was unable to 
recognize a shallow grid pattern on the 
floor with the soles of her feet. Tempera- 
ture sensation and fingertip two-point 
discrimination were intact. Autonomic ner- 
vous system function, assessed by the 
response of blood pressure and heart rate 
to the Valsalva maneuver, cold pressor, and 
sweat tests, was normal.’ 

Laboratory studies included a normal 
complete blood cell count, sedimentation 
rate, and calcium, phosphorus, bilirubin, 
SGOT, alkaline phosphatase determina- 
tions. Prothrombin time, creatinine and 
albumin determinations, total protein con- 
tent, quantitative immunoglobulins, urine 
heavy metals, glucose tolerance test, cere- 
brospinal fluid, and serum folate and 
vitamin B12 determinations were also 
normal. The latex fixation and antinuclear 
antibody determinations were in normal 
range. The creatine phosphokinase value 
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was 154 units per liter (normal, 33 to 78 
units per liter) and phenytoin level was 1.7 
mg/100ml. Electromyography of the ex- 
tremities showed normal findings. Motor 
conduction velocity and sensory distal 
latencies were normal in the right median, 
ulnar, peroneal, and posterior tibial nerves. 
However, the right sural nerve had a 
sensory distal latency of 4.3 msec (normal, 
less than 4.0 msec) and a conduction 
velocity of 22 m/sec (normal, greater than 
42 m/sec). 

She was tapered off phenytoin therapy 
over two weeks as the carbamazepine 
dosage was increased to 800 mg/day. Her 
complaints and examination findings were 
unchanged at the end of phenytoin ther- 
apy. The patient reported a gradual decline 
in the level of the dysesthesia until it was 
completely resolved about four weeks after 
discontinuing phenytoin therapy. Her sen- 
sory examination findings then had re- 
turned to normal. While she could now 
identify the lines of a grid with her soles, 
she felt as if she were “walking on carpet.” 
The DTR in her lower extremities were 
still absent. Six months after discontinuing 
phenytoin therapy, her DTR were present 
with reinforcement, and she denied any 
peculiar sensations of the feet. She re- 
mained free of seizures. 


COMMENT 


The patient’s clinical course was 
most consistent with the subacute 
onset of a peripheral neuropathy 
caused by therapeutic doses of pheny- 
toin. Electrophysiologic studies of the 
sural nerve were consistent with a 
moderate degree of segmental demye- 
lination.* However, the mechanism for 
the drug’s effect was unknown. Vari- 
ous authors have suggested central, 
anterior horn cell, axon, and Schwann 
cell sites as possibly defective.” 
Vitamin B,, and folate deficiencies 
have also been invoked.’ In addition, 
hypoalbuminemia or a decrease in 
phenytoin bound to albumin might 
potentiate the onset of neuropathy, 
but it should also cause clinical toxic 
reactions."! 

A peripheral neuropathy was found 
by Lovelace and Horwitz‘ in 18% of 
randomly chosen epileptics attending 
a seizure clinic who used phenytoin. 
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These patients usually had asympto- 
matic lower limb areflexia, but out of 
a group of 25 affected epileptics, four 
had weakness, one had dysesthesias, 
and fourteen patients had sensory 
signs most often of impaired vibra- 
tion or joint position sense. The 
presence of areflexia was significant- 
ly correlated with the use of phenytoin 
for more than ten years, evidence of 
toxic manifestations such as nystag- 
mus and ataxia, and reduction in 
motor nerve conduction velocity. 
Withdrawal of phenytoin for six 
months had no beneficial effect in one 
patient. 

Another study showed that the 
peroneal and sural nerve conduction 
velocities were considerably reduced 
in patients without other cause for 
peripheral neuropathy who were 
treated with phenytoin for more than 
10 years, whether or not they had 
clinical evidence of neuropathy.’ In 
the same group of epileptics, the 
frequency of such electrodiagnostic 
abnormalities as slowed nerve conduc- 
tion, polyphasia, and increased ampli- 
tude and duration of motor unit 
potentials was greater in those pa- 
tients with clinical signs of phenytoin 
toxic reactions, with plasma levels 
over 20 mg/100 ml, with a total pheny- 
toin intake of more than 3 kg, or with 
absent ankle jerks. Encinoza’® found 
slowed nerve conduction velocities in 
52% of 300 patients undergoing phe- 
nytoin therapy for 2'2 to 9 years, none 
of whom had clinical evidence of a 
peripheral neuropathy. The greatest 
incidence occurred in patients who 
were more than 20 years of age whose 
phenytoin dose was greater than 4.5 
mg/kg or duration of treatment was 
more than four years. 

In acute phenytoin intoxication, 
slowed motor nerve conduction veloci- 
ty?? and polyneuropathy"’ have been 
described that tended to resolve after 
the drug serum level returned to a 
therapeutic range or after the drug 
therapy was withdrawn. 

Although symptomatic peripheral 
neuropathy is unusual in patients 





treated with phenytoin, especially 
with therapeutic serum levels for less 
than four years, the drug must be held 
suspect even in cases where another 
common cause of peripheral neurop- 
athy is present, such as chronic renal 
failure, diabetes mellitus or alcohol- 
ism, and nutritional deficiency. The 
recognition of this subacute neurop- 
athy is important, because it may be 
reversible. Should symptomatic neu- 
ropathy occur, other medications can 
usually replace phenytoin in the treat- 
ment of epilepsy, cardiac arrhythmias, 
and pain syndromes. 


Nonproprietary Names 
and Trademarks of Drugs 


Carbamazepine—Tegretol. 
Technetium Te 99m—Technetope, Neimo- 
tec, Renotec, Elutex, Minitec. 
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Slow Eye Movements, With Absent 
Saccades, in a Patient With 
Hereditary Ataxia 


Martin J. Murphy, MD, David Goldblatt, MD 


® Saccadic and smooth eye movements 
are controlled by separate mechanisms 
within the nervous system. We describe a 
patient with familial ataxia, considered to 
be a form of olivopontocerebellar degen- 
eration, who is incapable of generating 
reflex or voluntary saccades. She can, 
however, move her eyes smoothly to the 
normal limits of lateral gaze, even when 
her head is prevented from moving. 
Latency before onset of movement is 
prolonged, and the velocity of movement 
is abnormally slow. We postulate that the 
degenerative process may have affected 
selectively those cells of the ventral 
paramedian pontine tegmentum respon- 
sible for the generation of saccades; and 
that the prolonged latency from presenta- 
tion of a visual stimulus to the onset of 
movement is related to an inability to 
generate burst discharges needed to 
overcome the viscoelastic properties of 
the orbital tissues. 3 

(Arch Neurol 34:191-195, 1977) 


n following an object with the eyes, 
the normal person makes two 
types of eye movements, saccadic and 
smooth. The two can be distinguished 
by their latency, velocity, and dura- 
tion; their control systems; and their 
response to drugs.’ Voluntary sac- 
cades and movements during the 
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quick phase of vestibular and opticoki- 
netic nystagmus (reflex saccades) 
have common characteristics." Experi- 
mental data indicate that, in the hori- 
zontal plane, both types of saccadic 
movement are generated in the 
paramedian pontine reticular forma- 
tion." 

We have studied a patient afflicted 
with ataxia of late onset, associated 
with abnormally long latency in initi- 
ating movement of the eyes, slowness 
of eye movement, and absence of 
voluntary and reflex saccades. There 
have been family members of both 
sexes affected by ataxia in three 
consecutive generations, a pattern 


indicating autosomal dominant inher- 
itance (Fig 1). 


REPORT OF A CASE 


The patient was a widowed 61-year-old 
woman. Mild slowly progressive instability 
in her gait was first noticed in her late 30s. 
Within the last ten years her upper limbs 
became unsteady and her speech irregular 
and halting. For the last five years she was 
confined to a wheelchair. 

In 1969, neurological examination de- 
monstrated slow eye movements, dysarth- 
ric speech, and static (postureholding) and 
intention tremor of all limbs. Her gait was 
severely ataxic, but the patient was able to 
walk a few steps with support. Muscle 
stretch reflexes were normal in the upper 


Fig 1.—Kindred with hereditary ataxia of late onset. Proband indicated by arrow. 
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Fig 2.—Top, Preferred method of shifting lateral gaze: patient begins with head and eyes to the right and, 










when told to look to her left, turns head. The eyes at first lag behind. Bottom, Patient is looking slightly to her 
left. To look to the right, she moves head, and eyes follow after a delay. 


limbs and hypoactive in the lower. There 
were flexion responses to plantar stimula- 
tion. Vibratory sensation was impaired at 
the ankles; superficial sensation was 
intact. 

On reexamination in 1974, the patient 
was alert, and recent and past memory 
were preserved. The face had a peculiar, 
staring expression as the result of lid 
retraction and infrequent blinking. The 
mouth remained partially opened and 
there was occasional grimacing. Her 
speech was hesitant and slurred. Hearing 
was normal. 

Uncorrected visual acuity was 20/100 
bilaterally. Color discrimination was nor- 
mal. Visual fields were full. The left and 
right pupils measured 5 and 4 mm, respec- 
tively; light and accommodation responses 
were present but slow. Dises were well 
demarcated and without pallor. There were 
no retinal lesions. The eyes were conjugate 
both in primary position and when moving. 
Fixation was normal. Random eye move- 
ments were infrequent and slow. When the 
head was fixed, horizontal movements and 
downward gaze were full on command and 
when tracking. Upward gaze and conver- 
gence were partially restricted. All eye 
movements, and especially horizontal, were 
slow. Unusual effort to initiate all eye 
movements was apparent and was asso- 
ciated with lid retraction and facial grim- 
acing. 

If head motion was not restricted and 
the patient was asked to look to the side, 
head turning toward the appropriate side 
occurred first, associated with contraver- 
sive movement of the eyes, followed by 
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slow motion of the eyes to the fixation 
target (Fig 2). When the target was 
suddenly moved, a similar phenomenon 
was observed. If, when the eyes were fol- 
lowing an object, its velocity was increased, 
the eyes lagged behind. The oculocephalic 
reflex was hyperactive. Closure of the eyes 
was accompanied by Bell’s phenomenon. 

There was generalized muscle wasting 
and strength was decreased distally in the 
lower limbs. There were no fasciculations 
or localized atrophy. There was moderate 
generalized rigidity with axial predomi- 
nance. Muscle stretch reflexes were absent 
at the ankle and knee; the others were 
hypoactive and symmetrical. Plantar stim- 
ulation elicited no response. Detection of 
all sensory modalities was reduced distally 
in the lower extremities. 

When the patient was sitting comfort- 
ably, there was occasional tremor of head 
and trunk that was greatly increased by 
any attempt to move and was associated 
with coarse, nonrhythmic jerking of hands 
and arms. Coordination was markedly 
impaired. Alternating movements were 
slow and irregular, and there was marked 


rebound with static and intention tremor. | 
The glabellar reflex was normal. The jaw - 


jerk and snout and palmomental reflexes 
were absent. There was no emotional 
incontinence. The control of sphincters was 
not impaired. 

Results of the following laboratory tests 
were normal: complete blood count, SMA 6 
and 12, protein and lipoprotein electropho- 
resis, immunoelectrophoresis, serum fo- 
late, vitamin B,, and thyroxine, qualitative 
urinary amino acids, and CSF cell count, 


protein, and glucose. The EEG was normal, 
as were formal visual fields and slit-lamp 
examination. Left median nerve motor and 
sensory and right peroneal nerve motor 
conduction velocities were normal. Needle 
electromyographic study of the right 
quadriceps femoris and right first dorsal 
interosseous muscles showed chronic and 
active denervation. Pneumoencephalogra- 
phy demonstrated normal lateral ventri- 
cles. Delineation of midbrain structures 
and of the cerebellum was poor, and their 
size could not be determined. 

In the latest neurological examination 
(1975), the patient showed poor recall of 
three test items, and her knowledge of past 
and current events seemed defective, even 
for someone living in institutional isola- 
tion. There was a pronounced pursing 
response of the lips to contact, although 
other signs of “frontal release” were not 
present. Muscle stretch reflexes were 
absent and plantar responses were flexor. 
Other findings remained unchanged from 
the previous examination. A few months 
after the last evaluation the patient died 
and permission to perform an autopsy was 
not granted. 


METHODS OF EXAMINING 
EYE MOVEMENT 


Eye movements were examined by cine- 
matography and electro-oculography. The 
electro-oculogram was recorded from sil- 
ver-silver chloride electrodes placed above 
and below the eye for vertical movements 
and lateral and medial to the eye for 
horizontal movements. The electrodes were 
connected, through a capacitor with eight- 
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Fig 3.—Target shifted horizontally, as indicated in top tracing. Eye 
movements of patient (middle tracing) compared with those of a 
normal subject (bottom tracing). Time scale and calibration of 
angular displacement as shown. Latency of patient's response is 


prolonged, and movements are slow. 


second time constant, to a multichannel 
recorder. Two diodes connected to a wave 
generator, and lighted alternately, were 
used for calibration and to trigger 
saccades. They were placed on a bar that 
could be fixed in the horizontal or vertical 
position, 100 em in front of the patient, 
with the pivotal point at eye level. The 
room was darkened, with the light emit- 
ting diodes the only source of direct light. 
Waves produced by the generator were 
recorded simultaneously with the corneo- 
retinal potentials. 

Oculomotor function was evaluated with 
the head restrained by a headrest during 
(1) attempted voluntary saccades, (2) fixa- 
tion of slowly moving bars projected in a 
screen by an apparatus designed to elicit 
opticokinetic nystagmus, and (3) irrigation 
of the external auditory canals separately 
and simultaneously, with warm and cold 
water, with the patient supine, head 
elevated 30°. 


FINDINGS 


With her head prevented from 
moving, the patient was instructed to 
look at targets presented at various 
locations in her field of vision. After 
the command to look, her eyes moved 
slowly and smoothly, with a consid- 
erable delay and without an initial 
saccade. With a suddenly-presented 
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Fig 4.—Target shifted vertically. Arrangement of tracings as in Fig 
3. Initial downward defection preceding upward movement of 
eyes in patient’s recording is caused by lid retraction. Latency of 
patient's vertical eye movement is prolonged, but velocity 


approaches that of control subject. 


light as the visual stimulus, horizontal 
movements began after a delay of 800 
to 1,200 msec. The eyes required from 
1,200 to 1,400 msec to move through an 
angle of 15°, reaching a maximum 
angular velocity of approximately 
12°/sec (Fig 3). The latency for 
vertical movements varied from 600 to 
800 msec. A movement through 15° 
required 250 to 400 msec and reached a 
maximum angular velocity of 60°/sec 
(Fig: 4). 

Opticokinetic stimulation produced 
tonic deviation of the eyes in the 
direction of the moving bars, without 
compensatory fast movements. Uni- 
lateral caloric stimulation of the laby- 
rinth produced tonic deviation of the 
eyes toward the appropriate side. 
Again, the fast phase of nystagmus 
was not elicited. 

While it persisted, tonic deviation 
of the eyes produced by caloric irriga- 
tion could not be overcome by the 
patient’s effort to look to the opposite 
side or to track a moving object, nor 
by forcefully rotating the patient’s 
head from side to side. Bilateral cold 
water irrigation produced tonic down- 
ward deviation of the eyes, but 
upward deviation was not obtained by 
bilateral warm water irrigation. 


COMMENT 


Our patient shows several oculo- 
motor abnormalities; lid retraction, 
impaired upward gaze and conver- 
gence, absence of voluntary and reflex 
saccades, prolonged latency in the 
initiation of voluntary movements, 
and slowness of voluntary and pursuit 
movements. 

The patient was capable of making 
slow, smooth eye movements, without 
saccades, in the absence of a moving 
target. Such movements are impos- 
sible for the normal subject,” al- 
though it has been reported that 
normal subjects can learn to make 
“smooth” movements without a mov- 
ing target. 

The patient’s disorder of eye move- 
ment is clearly supranuclear in ori- 
gin.'' Classically, supranuclear disor- 
ders of oculomotor function result 
from lesions damaging the frontal or 
occipital projections to the mesen- 
cephalon. Bilateral disruption of the 
frontomesencephalic pathways abol- 
ishes movements on command, but 
Spares pursuit, vestibular, and oculo- 
cephalic movements. In lesions of the 
occipitomesencephalic projections, 
saccades are preserved, but pursuit 


Slow Eye Movements—Murphy & Goldblatt 193 





movements are defective and fixation 
is impaired." Because in our pa- 
tient, fixation is normal and hori- 
zontal movements on command, dur- 
ing pursuit of an object, and during 
vestibular stimulation and oculoce- 
phalic maneuvers are preserved, the 
disturbance is primarily one of failing 
to generate voluntary and reflex 
saccades. 

When the patient’s head was unre- 
strained and she was asked to look to 
the side, she showed contraversive eye 
movements with head turning; she 
also exhibited hyperactive oculoce- 
phalic responses. We believe that 
these eye movements were produced 
by the uninhibited influence of laby- 
rinthine and cervical receptors. This 
point of view is supported by the fact 
that the patient could not overcome, 
by voluntary effort or by attempting 
to track a moving object, the tonic 
deviation of her eyes produced by 
caloric stimulation. 

Our patient and other members of 
her family who have died have not 
been examined at autopsy. On clinical 
grounds, we consider them to suffer 
from a form of olivopontocerebellar 
degeneration." Undoubtedly, the 
clinical abnormalities in our patient 
are attributable to involvement of 
structures in several regions of the 
brain. There is ample experimental 
and clinicopathological evidence indi- 
eating that bilateral lesions in the 
pretectal region and posterior com- 
missure lead to disturbances in verti- 
cal eye movements of the kind that 
our patient has shown, as well as 
deficient convergence and abnormal 
lid retraction.: 

Slowing of ocular movements simi- 
lar to that shown by our patient has 
been reported previously, both as an 
isolated disturbance—congenital ocu- 
lar motor apraxia*'’’—and in associa- 
tion with degenerative disease of the 
CNS. 

Starr?* has described three patients 
with Huntington’s chorea who had a 
disturbance of ocular movements sim- 
ilar to our patient. In one of his 
patients, by means of electro-oculog- 
raphy, Starr demonstrated “global 
saccadic palsy.” Electromyographic 
recording during attempted saccades 
showed progressive recruitment of 
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activity in the prime movers with 
concomitant slow decline of electrical 
activity in the antagonist, rather than 
the normal high-frequency burst of 
activity in the agonist with complete 
inhibition of the antagonist. In pro- 
gressive supranuclear palsy, gradual 
slowing of voluntary eye movements, 
leading to total ophthalmoplegia, has 
been described. In the cases reported, 
vertical movements were first and 
more severely affected, and voluntary 
and reflex saccades were absent.” 

The association of slow eye move- 
ments with spinocerebellar degenera- 
tion has been recognized for some 
time. Garcin and Man” appropriately 
named the ocular phenomenon “la 
‘viscosite’ des mouvements volon- 
taires oculaires,” and Alajouainine et 
al presente 1 electro-oculographic re- 
cordings of vne abnormality. Jampel 
et al reported a family that, through 
three generations, presented a combi- 
nation of progressive ophthalmople- 
gia without ptosis, retinal degenera- 
tion, and spinocerebellar ataxia. In 
some of the cases (II-1, II-2, IV-8), 
horizontal voluntary and pursuit eye 
movements were described as slow. 
The oculomotor abnormality in that 
family covered a spectrum from 
impairment of upward gaze and 
convergence only, to complete exter- 
nal ophthalmoplegia without ptosis, 
slowness of eye movements being an 
intermediate phase. 

Wadia and Swami” and, recently, 
Zee et al and Koeppen and Hans” 
have reported sporadic and familial 
syndromes resembling that of our 
patient. 

Zee et al, based on quantitative 
measurements of the oculomotor 
responses to single steps, pulse- 
forward, and pulse-return stimuli, 
suggested that in their patients the 
abnormal eye movements were slow 
saccades rather than pursuit move- 
ments. 

In our patient the velocity of the 
eye movements was slower, there 
were no discernible saccades, and the 
latency from presentation of the 
visual stimulus to the onset of move- 
ment of the eyes was prolonged. We 
believe that the basic abnormality is 
shared by these patients and that the 
quantitative differences represent 


different stages in the degenerative 
process. 

It is tempting to draw on experi- 
mental observations in order to sug- 
gest an anatomical substrate for the 
saccadic deficit. Bender and Shanzer” 
demonstrated in monkeys, by stimula- 
tion and by making destructive 
lesions, that the paramedian pontine 
reticular formation (PPRF) is the 
most peripheral portion of the oculo- 
motor system in which conjugate eye 
movements can be produced or af- 
fected. Gross potential changes in the 
PPRF occur with each rapid eye 
movement and acute and chronic 
microelectrode recordings have identi- 
fied several neuronal populations in 
that region whose activity is tempor- 
ally coupled to the initiation of 
saccadic eye movements and the quick 
phase of nystagmus.” Further- 
more, stimulation of the pontine retic- 
ular formation in the cat has resulted 
in postsynaptic potentials in nuclear 
motor neurons at latencies within the 
monosynaptic range, supporting the 
immediately prenuclear functional lo- 
ealization of this formation in the 
oculomotor pathways.” >" 

We believe, as postulated by Zee et 
al," that the degenerative process 
selectively involved those cells of the 
ventral paramedian zone of the brain 
stem tegmentum responsible for the 
generation of saccades. 

We consider also that the prolonged 
latency found in our patient from the 
presentation of the visual stimulus to 
the onset of movement of the eyes is 
related to inability to generate burst 
discharges, needed to overcome the 
viscoelastic properties of the orbital 
tissues” and initiate normal accelera- 
tion of the eyes. 


ADDITIONAL COMMENT 


Information concerning two af- 
fected family members was obtained 
by correspondence with institutions in 
which they had been confined. 


Patient Il-2.—The sister of the proband 
was in good health until her late 20s when 
she developed staggering gait and poor 
control of the lower limbs. The upper limbs 
were involved in subsequent years. In 1939, 
when the patient was 38, neurological 
examination demonstrated unsteady, stag- 
gering gait, ataxia in finger-to-nose and 
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heel-to-shin maneuvers, marked dysdiado- 
chokinesis, and slurred speech. There was 
no limitation in the movements of arms 
and legs and no Sensory abnormalities 
were noted. Deep tendon reflexes could not 
be elicited. Plantar responses were flexor. 
No comment was made concerning eye 
movements. 

Results of hematologic examination and 
urinalysis were normal. Wassermann test 
was negative. Findings from CSF exami- 
nation were normal. A pneumoencepha- 
logram was normal. Because of progressive 
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deterioration and two attempts at suicide, 
she was confined in a state mental institu- 
tion for five years before her death at age 
50. Autopsy was not performed. 

Patient III-2.—A nephew of the proband 
was examined at a Veteran’s Administra- 
tion hospital in 1956, when he was 30 years 
of age, because of staggering gait. The 
disturbance in walking started when he 
was about 24 years old. He was well- 
oriented and cooperative. When standing, 
he showed gross nodding movements of the 
head and generalized twitchdike muscle 
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movements “in an effort to keep his 
balance.” No description of eye movements 
was recorded. 

Results of blood count, urinalysis, and 
serological test for syphilis were normal. 
Examination of the CSF was normal. Skull, 
chest, and cervical x-ray films were 
normal. At age 41, he was seen again at the 
same hospital for evaluation of his disabil- 
ity. At that time he required a wheelchair. 
He died at age 44. 
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Sudden Onset 








of Unilateral Third Nerve Paresis 


in a Patient With Cushing Syndrome 


Tah-Hsiung Hsu, MD 


è Extraocular muscle pareses in pa- 
tients with Cushing syndrome are virtually 
always associated with a greatly enlarged 
pituitary tumor and with advancement 
on oculomotor nerves. The present re- 
port concerns a patient with a rapidly pro- 
gressive adrenocorticotropic hormone 
(ACTH)-dependent hyperadrenocorticism 
and sudden onset of an unilateral third 
nerve paresis. The patient had no demon- 
strable pituitary tumor. After a total adre- 
nalectomy and correction of hyperadreno- 
cortisolism, his third nerve paresis sub- 
sided. Ocular paresis may occur in a 
patient with Cushing syndrome even in 
the absence of mechanical involvement of 
ocular nerves by a pituitary tumor. 

(Arch Neurol 34:196-198, 1977) 
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(y=. involvement in Cushing syn- 
drome is common, but it is 
generally not prominent. Extraocular 
muscle pareses in patients with 
Cushing syndrome are virtually al- 
ways associated with a considerably 
enlarged pituitary tumor, with en- 
croachment on oculomotor nerves. 
Hemorrhagic infarction, herniation of 
a tumor, or compression of the extra- 
ocular motor nerves by extrasellar 
tumor extension have been considered 
as the causes of extraocular motor 
pareses in Cushing syndrome. The 
patient to be described had no demon- 
strable pituitary tumor. 


REPORT OF A CASE 


A 51-year-old man was admitted to The 
Johns Hopkins Hospital for evaluation of 
manic depressive psychosis and a recent 
10-kg weight gain. On admission, the 
patient appeared to have a round plethoric 
face, truncal obesity, and considerable 
wasting of the extremities. Although 
striae were absent, his skin was thin, and a 
few scattered ecchymoses were observed. 
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Vital signs showed a pulse rate of 80 beats 
per minute and regular, a respiration rate 
of 16/min, and a blood pressure 160/90 mm 
Hg. Initial ophthalmic examination results, 
including neuro-ophthalmic studies per- 
formed by an ophthalmologist, were com- 
pletely normal. The thyroid gland was not 
remarkable. Neuromuscular evaluation 
showed a moderately severe proximal 
muscle weakness. No peripheral edema or 
cyanosis was evident. 

Admission laboratory studies showed a 
normal routine hemogram, urinalysis, se- 
rum calcium level, creatinine value, and 
liver function test. Serum electrolyte 
changes were consistent with a mild hypo- 
kalemic alkalosis. The serum potassium 
level was 3.4 mEq/liter (normal, 3.5 to 5.0 
mEq/liter) and the carbon dioxide level 
was 39 mEq/liter (normal, 24 to 30 mEq/ 
liter). The serum glucose value was 86 mg/ 
100 ml and the thyroxine concentration 
was 8 »g/100 ml (normal, 6.5 ug to 11.5 ug/ 
100 ml). The results of a five-hour glucose 
tolerance test were normal. The ECG, 
roentgenogram of chest, and tomography 
of the sella turcica were all normal. 

Since the patient’s clinical features were 
suggestive of Cushing syndrome, adrenal 
function tests were performed. The results 
confirmed the diagnosis of ACTH-depen- 
dent hyperfunction of the adrenal cortex 
(Table). On the sixth day of the hospitaliza- 
tion, toward the end of a dexamethasone 
suppression test, the patient complained of 
transient vertical diplopia and blurring of 
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vision. A detailed ophthalmological and 
neurological examination was repeated, 
but no objective abnormalities were shown. 
Ankle edema appeared as a new physical 
finding. Lumbar puncture and CSF analy- 
sis, including cytological study, were non- 
revealing. The next day, ptosis and mild 
exophthalmos (measuring 20 mm) of the 
left eye as well as facial asymmetry devel- 
oped (Fig 1). Frank B. Walsh, MD, of the 
Wilmer Ophthalmological Institute de 
scribed the patient’s findings as follows: 
“The left upper lid is almost completely 
closed when the patient is at rest, at which 
time the right upper lid is in normal posi- 
tion. The pupil of the left eye is slightly 
larger (4 mm:3 mm) than that of the right, 
and the right pupil reacts sharply to light 
directly and consensually, whereas the left 
pupil shows a slower response.” Corneal 
sensation was normal bilaterally. The 
extraocular movements of the right eye 
were full, but those of the left eye were 
limited. The left eye could be adducted 
approximately 10° beyond the midline. 
Abduction was adequate, but it could be 
elevated only about 15° to 20° and lowered 
25° to 30°. There was no pronounced edema 
of the eyelids, and the conjunctivae as well 


as funduscopic examination results were 
normal. On the tangent screen using white 
and red test objects, no visual field defect 
was observed. Dr Walsh confirmed that the 
patient had an incomplete third nerve 
paresis. On retroplacement of the eyes in 
the orbit, there was a sense of slight 
resistance that was equal bilaterally, and 
no bruits were heard over the eye. There- 
fore, the presence of a mass lesion in the 
left orbit was not strongly entertained. 
Bilateral carotid angiography showed no 
evidence of supra- and intrasellar mass. A 
computerized tomographic scan did not 
suggest retro-ocular or intrasellar mass. 
The intraocular structures were all within 
normal limits by ultrasonic tomography. 


Furthermore, the orbit showed normal 
outline of the orbital fat and orbital wall. 
The areas of the rectus muscles were 
slightly prominent in a diffuse pattern but 
not outside the limits of normal. 

Because of the sudden development of 
unilateral third nerve paresis, progressive 
edema, and mental depression, further 
diagnostic studies such as the metyrapone 
test and higher doses for the dexametha- 
sone suppression test to differentiate 
ectopic ACTH syndrome from pituitary 
Cushing disease were thought to be unjus- 
tified. Sputum cytology, an intravenous 
pyelogram, and a roentgenogram of the 
gastrointestinal (GI) tract were all nor- 
mal. 


Twenty-Four-Hour Urinary Steroid Analysis* 


2 mg every six hr 


115.8 58.8 
106.4 69.2 





*Serum adrenocorticotropic hormone concentration obtained at 8 AM was 1,500 pg/ml (normal, 20 


to 80 pg/ml). 
tNormal range is from 3 to 9 mg. 
{Normal range is from 6 to 18 mg. 


Fig 1.—Preoperative picture of patient showing drooping of left 


upper eyelid and facial asymmetry. 
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Fig 2.—Picture of patient taken two weeks postadrenalectomy. 
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Bilateral adrenalectomy was performed 
without complications. Pathologic exami- 
nation showed adrenal cortical hyperplasia. 
No gross abnormality was detected in the 
pancreas during the operation, and a 
biopsy section of the liver was free of any 
neoplastic lesions. Postoperatively, the 
patient was treated with supraphysiologic 
doses of glucocorticoids for one week that 
were then gradually tapered. The patient’s 
third nerve paresis steadily improved, and 
two weeks after the adrenalectomy, droop- 
ing of the left eyelid and other evidence of 
third nerve involvement was no longer 
evident (Fig 2). Nine months after surgery, 
the patient remained well, and his signs 
and symptoms of Cushing syndrome con- 
tinued to improve. 


COMMENT 


This patient had a fulminating 
course of ACTH-dependent hyper- 
adrenocorticism. The rapidly progres- 
sive Cushing syndrome in a male 
patient, marked peripheral edema, 
and extremely high serum ACTH 
concentration as well as urinary 17- 
hydroxycorticosteroid and 17-ketoste- 
roid excretions with resistance to 
dexamethasone suppression are fea- 
tures suggestive of ectopic ACTH 
syndrome. However, despite an exten- 
sive evaluation, no evidence of malig- 
nant tumor was found. The postopera- 
tive follow-up period admittedly was 
short, but thus far, the excellent 
course of his recovery is against the 
existence of occult malignancy. The 
most likely cause of his Cushing 
syndrome is pituitary in origin. Irre- 


1. Soffer LJ, Dorfman RI, Gabrilove JL: 
Cushing's Syndrome-Clinical and Pathological 
Studies: The Human Adrenal Gland. Philadel- 
phia, Lea & Febiger, 1961, p 456. 

2. Plotz CM, Knowlton AI, Ragan C: The 
natural history of Cushing’s syndrome. Am J 
Med 13:597-614, 1952. 

3. Schwarz F, der Kinderen PJ, Houtstra-Lang 
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spective of the cause of his Cushing 
syndrome, the sudden onset of uni- 
lateral third nerve paresis seemed to 
be closely associated with hypercorti- 
solism. 

A number of eye signs and symp- 
toms associated with Cushing syn- 
drome has been observed. Puffiness of 
eyes was reported in 26% of patients 
with hyperadrenocorticism.' Mild ex- 
ophthalmos is present in 5% to 10%* or 
even as high as 14% in a larger series 
reported by Soffer et al. Although 
a exophthalmos-producing substance 
had been reported in the serum and 
pituitary gland of certain patients with 
Cushing syndrome,’ the cause of 
exophthalmos in this syndrome re- 
mains unclear. Other ocular involve- 
ments of Cushing syndrome include 
an increased orbital tension,’ visual 
field defect, and visual pathway com- 
pression associated with an enlarged 
sella turcica.’ Extraoeular nerve par- 
eses have been reported, but in all 
instances, the occurrences were asso- 
ciated with a considerably enlarged 
sella turcica, often with tumor ex- 
tended to the suprasellar area, or in 
some cases, the ocular muscle weak- 
ness was the result of pituitary 
apoplexy. The patient under discus- 
sion had a roentgenographically nor- 
mal sella turcica and a normal cerebral 
arteriography and computerized to- 
mographie scan. There was no sono- 
graphic evidence of mass lesion in the 
orbital cavity. The abrupt onset of 
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unilateral third nerve paresis that 
completely recovered with normaliza- 
tion of hyperadrenocortisolism is dis- 
tinctly unusual. His partial third 
nerve paresis may be a manifestation 
of hyperadrenocortisolism. Twenty- 
four percent of patients with Cushing 
syndrome and pituitary tumor experi- 
ence disorders of extraocular move- 
ment, an incidence two to four times 
greater than is generally expected 
with nonsecretory chromophobe ade- 
nomas. Such a high incidence of 
extraocular movement pareses in a 
patient with pituitary Cushing syn- 
drome may be in part due to a 
protracted elevation of serum corti- 
coids. 

Total adrenalectomy in this patient 
was recommended with some reser- 
vations. The complete removal of the 
adrenal gland for control of pituitary 
Cushing syndrome may serve as a 
“triggering mechanism” responsible 
for rapid growth of the pituitary 
tumor that leads to the development 
of Nelson syndrome’ and may exacer- 
bate visual symptoms.’ Fortunately, 
in this patient, total adrenalectomy to 
control hyperadrenocorticism has thus 
far entirely alleviated his eye signs 
and symptoms. 


Frank B. Walsh, MD, allowed the author to 
quote portions of his notes on the ocular findings 
of the patient. John Eager Howard, MD, provided 
suggestions in the management of this patient 
and a critical review of the manuscript. 
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Letters to the Editor 


Neuronal Ceroid-Lipofuscinosis 


To the Editor.—We read with interest 
the article by Markesbery et al in the 
September issue of the ARCHIVES. We 
believe these authors’ studies confirm 
our initial reports of the contribution 
to the diagnosis of the neuronal 
ceroid-lipofuscinosis by electron 
microscopical study of lymphocytes in 
patients with clinical manifestation of 
the disease. 

We have demonstrated a variety of 
cytoplasmic inclusions in lymphocytes 
from nine patients with various forms 
of ceroid-lipofuscinosis.' Their article 
failed to mention that we found diag- 
nostic inclusions in two children with 
the infantile or Finnish form of this 
disorder. 

We believe that an electron micro- 
scopical examination of skin biopsy 
specimens and/or lymphocytes in pa- 
tients with the clinical manifestations 
of one of these diseases is a reliable 
and acceptable method of diagnosis. 


P. M. MacLeop, MD, FRCP(C) 
Dept of Medical 

Genetics 
Univ of British 

Columbia 
C. L. Dorman, MD, FRCP(C) 
Div of Neuropathology 
Vancouver General Hospital 
Vancouver, Canada 


1. Dolman CL, MacLeod PM, Chang E: Skin 
punch biopsies and lymphocytes in the diagnosis 
of lipidoses. Can J Neurol Sei 2:67-73, 1975. 


Progressive Intellectual 
Deterioration 


To the Editor.—Dr Frank R. Freemon 
(Arch Neurol 33:658, 1976) has pointed 
out the close parallel between the 
results of investigating patients with 
progressive intellectual deterioration 
in Nashville Veterans Hospital and 
the National Hospital for Nervous 
Diseases, Queen Square, London. One 
of us has recently had the opportunity 
to study the outcome of investigation 
of another 43 patients thought to have 
presenile dementia this time in a 
general London undergraduate teach- 
ing hospital. The patients had been 
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admitted under the care of psychia- 
trists, neurologists, or general physi- 
cians, after referral by family doc- 
tors. 

As the Table makes clear, the 
proportion of subjects found to have 
treatable conditions, definable though 
basically untreatable disorders, and 
cerebral atrophy of unknown etiology 
are again closely similar. 

The conclusion of our earlier study 
from a specialized neurological center 
was that full evaluation of these 
patients was warranted because of the 
high proportion of treatable causes 
and the yield of information of value 
in the management of many others. 
The correspondence of the experience 
in the three different hospitals sug- 
gests that these conclusions are more 
widely applicable and do not merely 
reflect the peculiarities of patients 
encountered in a neurological insti- 
tute. 


M. J. G. Harrison, DM, MRCP 
The Middlesex Hospital, 
Mortimer St 

London W1, England 

ProF C. D. Marspen, MD, MRCP, 
Dept of Neurol 

The Institute of Psychiatry 

De Crespigny Park 

London SE5, England 


Vision Loss Associated With 
Amantadine Hydrochloride 


To the Editor—Amantadine hydro- 
chloride (Symmetrel) has two separate 
and apparently unrelated clinical uses: 
it is most commonly used to control 
the tremor of Parkinson disease, and 
it has an antiviral action in the 











Treatable disease uncovered 
Normal pressure hydrocephalus 
Chronic drug toxicity 
Resectable mass lesions 
Depression 
Other 


Definable but untreatable 
disease uncovered 


Multi-infarct dementia 
Alcoholic dementia 
Huntington chorea 
Other 
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prevention of Asian influenza. Blur- 
ring of vision has been reported as an 
infrequent complication of the drug. 
The mechanism causing this problem 
is unknown. 


Report of a Case.—The patient, a 67-year- 
old man, was first seen in 1973 for a routine 
eye examination. Apart from a mild astig- 
matic refractive error and the normal pres- 
byopia of his age, his findings were 
completely within normal limits. He was 
seen again in August 1975 for a superficial 
corneal abrasion of the right eye, which 
cleared spontaneously without sequelae. In 
September 1975, his vision was fully cor- 
rectable to 20/20 in each eye, with no 
evidence of incipient cataracts, glaucoma, 
macular degeneration of the retina, or 
optic nerve disease. 

In November 1976, he reported the 
sudden onset of bilaterally decreased 
central visual acuity, complaining that he 
awakened one morning with “cloudy vision 
over each eye.” At examination, the 
Snellen acuity of the right eye was 20/70, 
and that of the left eye, 20/200. The visual 
acuity could not be improved by refraction 
or pinhole. Examination of the fundus oculi 
through widely dilated pupils revealed no 
opacification of the media, and absolutely 
no fundus abnormalities. A consulting 
neurologist found no abnormalities aside 
from the decreased visual acuity. 

A recent history of amantadine hydro- 
chloride ingestion was noted. The patient 
had been taking 100 mg daily for approxi- 
mately 60 days prior to the onset of symp- 
toms. On discontinuing the drug, gradual 
improvement in visual acuity was noted 
over the next several weeks. By mid- 
December 1976, the visual acuity had 
returned to 20/20 in each eye. 


Comment.—The sudden loss of vi- 
sion in a patient taking amantadine 
hydrochloride is noted, with singular 
absence of ophthalmoscopic findings, 
clinically simulating bilateral retro- 
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Unknown disease (atrophy) 26 (43%) 48 (51%) 19 (44%) 
Total 60 94 43 
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bulbar neuritis. Cessation of the drug 
resulted in a return of vision to 
normal levels. 

The purpose of this communication 
is to alert neurologists to the peculiar 
ophthalmic symptoms, possibly aris- 
ing from the use of this agent. 


J. T. PEARLMAN, MD 
Jules Stein Eye Institute 
800 Westwood Plaza 

Los Angeles, CA 90024 
A. H. Kapisu, MD 

9201 W. Sunset Blvd 

Los Angeles, CA 90069 
J. C. RAMSEYER, MD 
Hospital of The Good Samaritan 
616 S Witmer St 

Los Angeles, CA 90017 


The Brain’s Third Circulation 


To the Editor.—In 1914, Lewis Weed’ 
stated: 


Assuming osmosis to be the power of 
concentrated fluids to attract water or 
fluid from less concentrated solutions, it is 
not difficult to explain the normal physio- 
logic process of absorption of cerebrospinal 
fluid on this basis; for the venous blood 
certainly possesses a greater concentration 
in colloids and crystalloids than the cere- 
brospinal fluid. 


But some investigators still search for 
anatomic valves in the arachnoid villi. 
In 1917, Weed? described the develop- 
ment of the cerebrospinal fluid spaces 
in living pig embryos. This contribu- 
tion established for all time that these 
spaces develop in embryonic life in 
response to hydrodynamic stresses 
occurring within the neural tube after 
it has closed. However, recent authors 
have denied that such hydrodynamic 
stresses constitute the basis for the 
development of the Dandy-Walker 
and Arnold-Chiari malformations. 

In 1925, Cushing’ described the 
cerebrospinal fluid as the brain’s 
“third circulation,’—the first being 
blood plasma and the second the 
protein-containing filtrate of plasma 
known as interstitial fluid. This pas- 
sive filtrate escapes only from leaky 
capillaries located within a mesoder- 
mal stroma of connective tissue. This 
interstitial fluid, constituting ‘Starl- 
ing flow,” is four times the volume of 
plasma and it contains one half of the 
body’s plasma protein. After it has 
served its purpose as the in vivo tissue 
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culture medium for all organs except 
the brain, the remainder is returned 
to the blood stream via lymphatics. 
The present tendency to refer to the 
extracellular fluid of the brain as 
interstitial is incorrect and should be 
avoided. 

The central nervous system con- 
tains no connective tissue and there- 
fore no interstitial fluid except in its 
choroid plexus and in a few other 
small and essentially nonneural areas. 
Its subarachnoid space is a phyloge- 
netic artifact. Phylogenetic in that it 
is not present in early vertebrates and 
artifactual in that it constitutes an 
escape passage that is not preformed 
but is dissected open in the surround- 
ing mesenchyme by the hydrodynamic 
pressure of ventricular fluid escaping 
through the embryonic rhombic roof. 
As shown by Weed,’ this structure 
becomes permeable with the ap- 
pearance of a secreting choroid plex- 
us. In the subarachnoid space, some 
protein is added to this ultrafiltrate of 
the choroid plexus, which is returned 
to the blood stream via the arachnoid 
villi. This is supported by the fact 
that, when a portion of the subarach- 
noid space is isolated below a spinal 
subarachnoid block, its protein con- 
tent rises. Additional evidence that 
the arachnoid is of mesodermal origin 
is its content of collagen, which is 
produced only by connective tissue. 

The brain, having no protein- 
containing interstitial fluid, has no 
need for lymphatics. The ependymal 
covering of the choroid plexus refines 
ventricular fluid as a protein-free 
ultrafiltrate derived from the intersti- 
tial fluid that filters from the permea- 
ble capillaries into their connective 
tissue stroma. This ventricular fluid 
then passes between the ependyma 
cells lining the ventricles into the 
ultramicroscopic extracellular spaces, 
which contain the miles of protein- 
tight parenchymal capillaries. The 
direction of this flow indicates that a 
portion of the ventricular fluid is 
absorbed by the parenchymal capillar- 
ies, probably because of the colloid 
osmotic tension (28 mm Hg) exerted 
by their high content of plasma 
protein. This suggests that the sucker 
feet of the surrounding astrocytes, 
instead of sucking, are being sucked. 
Since the rate of diffusion of water 
molecules into and out of a capillary is 
40 times the rate of linear flow, it is 
apparent that nutrient particles 





smaller than the plasma protein mole- 
cule must also diffuse from the par- 
enchymal capillaries into their sur- 
rounding extracellular fluid. With this 
enrichment, this fluid constitutes the 
in vivo tissue culture medium for 
brain cells. Thus, the blood brain 
barrier and the blood cerebrospinal 
fluid barrier become one and the 
same. 

The brain originates as and remains 
a multilayered epithelial organ. As the 
neural groove closes, its former 
superficial ependymal layer becomes 
its internal layer to form the inner 
lining of the neural tube. Localized 
invaginations of ependyma then carry 
with them some mesodermal tissue, 
which forms the blood vessels and 
connective tissue stroma of the chor- 
oid plexus. The ependymal cells cover- 
ing the choroid plexus are the only 
brain cells that are nourished by Starl- 
ing flow. This second circulation 
nourishes all single-layered epithe- 
lium and the basal cell layer of all 
multilayered epithelial structures ex- 
cept the brain. In this multilayered 
organ the single layer of ependyma 
covering the choroid plexus functions 
as its basal cell layer in furnishing 
nutrients to the successive layers. 
Ventricular fluid is between brain 
cells and therefore, despite its bulk, it 
is extracellular. This adjective, there- 
fore, does not apply only to that 
portion of ventricular fluid that 
passes into the ultramicroscopic chan- 
nels between glia and neurons. By the 
same token, this extracellular fluid 
should not be referred to as intersti- 
tial. 

The present day output of medical 
knowledge causes us to overlook some 
fundamental work of our scientific 
forebears. As expressed by Homans in 
1936 “in every...art, fundamental 
matters are perenially being discov- 
ered, discredited, forgotten, rediscov- 
ered and reaffirmed.” 


W. J. GARDNER, MD 
Cleveland Clinic 
9500 Euclid Ave 
Cleveland, OH 44106 
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Paediatric Neurology for the Clinician by Neil 
Gordon, 280 pp, 85 illus, $28.75, Spastics Interna- 
tional Medical Publishers, 1976. 

This volume by Dr Gordon includes 
280 pages in single column in 15 chap- 
ters. There are 85 photographs, the 
majority of which are well chosen and 
of high quality, and set quite appro- 
priately in size and position by the 
publisher. 

A lengthy list of up-to-date ref- 
erences follows each chapter. The 
references are appropriately selected 
from the literature and provides one 
of the stronger points of the volume. 
The book is written primarily for the 
pediatrician in practice. 

Chapter 1 outlines the method of 
neurological examination of the in- 
fant and young child in the conven- 
tional fashion and is reasonably well 
done. The major deficit of this chapter 
is that it does not emphasize which of 
the various examination techniques 
are most useful and most important. 
The second chapter is a discussion of 
symptoms and signs as they appear in 
children with neurological disorders. 
One might take issue with the state- 
ment herein that migraine represents 
one of the most frequent types of 
headaches in childhood and also with 
the comment that weakness in the 
child with hemiplegic migraine lasts 
several days. The latter is true in some 
instances, although in many cases 
weakness is quite brief and is resolved 
within hours after onset. Under the 
brief section describing failure to 
thrive, one might have expected that 
in a book on child neurology the 
author would have mentioned growth 
failure associated with gliomas of the 
hypothalmus, even though this is a 
decidedly unusual cause of growth 
failure. In chapter 3, there are occa- 
sional statements that are misleading 
to the reader, such as the comment 
that mental retardation and seizures 
occur in children with neurofibroma- 
tosis. While this is indeed so in some 
instances, the text can be interpreted 
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to indicate that these are eonstant 
features of the disorder rather than 
occurring only in some instances. The 
author describes hydrocephalus as an 
uncommon disorder in children except 
in association with meningomyelocele. 
Most would not think of hydroceph- 
alus as an uncommon disorder, espe- 
cially in these days of survival with 
intensive treatment of the exceed- 
ingly low birth weight child with 
severe respiratory distress that is all 
too often complicated by hydroceph- 
alus secondary to intracranial bleed- 
ing. In chapter 10, there is only a brief 
discussion of bacterial meningitis, and 
the frequency of the various causative 
organisms are not put into perspective 
for the reader. Initiation of treatment 
as recommended by the author with 
sulfa, penicillin, and chloramphenicol 
is rather out of date and must now be 
an infrequently used approach. The 
claim that the meningococcus is likely 
to be sensitive to sulfa and penicillin 
needs qualification and might lead to 
error in treatment in the child who is 
allergic to penicillin. There is no 
mention of ampicillin-resistent Hae- 
mophilus influenzae even though this 
was identified in 1973. The chapter on 
degenerative brain diseases is well 
written, but it is questionable that the 
section on Reye syndrome appropria- 
tely belongs with the other disorders 
discussed. The problem of manage- 
ment of this illness is handled only by 
listing the various modes of therapy. 
In the following chapter, there is a 
relatively lengthy discussion of subdu- 
ral hematoma, but the clinical mani- 
festations, diagnosis, and manage- 
ment of acute epidural hematoma are 
not included. In the same chapter, the 
statement that brain tumors in chil- 
dren are rare deserves qualification. 
The few paragraphs on spinal cord 
tumors in children does not include 
comments on intraspinal lipomas, one 
of the more common of the intraspinal 
lesions in early childhood. 

Chapter 6 dealing with learning 


disorders, chapter 7 on hypotonia and 
myopathies, and chapter 9 on seizure 
disorders are well done and provide 
useful discussions for the practicing 
physician. The book as a whole is well 
designed although the descriptions of 
the various clinical entities are some- 
what superficial. The main distraction 
of the monograph from the standpoint 
of its usefulness to the practicing 
physician is the relative lack of 
detailed discussion of diagnostic 
methods and treatment. Drugs of 
choice, methods of administration, 
and daily dosages are only briefly 
handled in most sections. The volume 
would find its greatest usefulness for 
the medical student in that it tends to 
catalog disease states affecting the 
nervous system of children. Its lack of 
detail would not allow it to be a useful 
source of information for the more 
experienced physician. 

WILLIAM E. BELL, MD 

Iowa City 


Biochemistry and Neurological Disease, edited 
by A. N. Davison, 325 pp, 80 illus, $45, Blackwell 
Scientific Publications, 1976. 

This book attempts to show how 
neurochemistry is relevant to the 
scientific basis of neurology and has 
restricted itself to six chapters deal- 
ing with problems of the mature 
nervous system: “Biochemistry of 
Brain Degeneration,” authored by 
Bowen and Davison; “Biochemistry of 
Retinal Degeneration and Blindness,” 
by Reading and Dewar; “Biochem- 
istry and Basic Mechanisms in Epilep- 
sy,” by Bradford and Dodd; “Trans- 
mitter Amines in Brain Disease,” by 
Curzon; “Biochemistry of Coma,” by 
Bachelard; and “Brain Specific Anti- 
gens: Biochemical Role in Selective 
Pathogenesis,” by Thompson. 

The six areas dealt with in this book 
are covered in depth, with the authors 
relating disease processes, biochemis- 
try, and application of experimental 
models whenever possible. An at- 
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tempt is also made to relate biochem- 
ical changes to morphological changes. 
Each chapter also deals with the prob- 
lems to be solved in the particular area 
and is followed by thorough ref- 
erences concerning the topic covered 
and thus is a valuable source for 
further reading. 

This work is of value for neurolo- 
gists and neuroscientists and is rec- 
ommended to them. 

Dorotuy D. ScHOTTELIUS, PHD 
Iowa City. 


Stress in Health and Disease, by Hans Selye, 
1,256 pp, 26 illus, $79.50, Butterworths, 1976. 

More than 40 years have elapsed 
since the concept of the general adap- 
tation syndrome (GAS) was intro- 
duced by Selye in a letter to the editor 
of Nature. It has since been widely 
studied, leading to nearly 100,000 
publications in the medical and lay 
press. The essence of the idea is that a 
wide variety of nonspecific stimuli 
provoke a relatively stereotyped pat- 
tern of response marked by increased 
adrenal cortical secretion or even 
adrenal cortical hypertrophy. Selye 
regards a “stressor” to be any stim- 
ulus capable of leading to “general 
adaptation.” The phenomenon of ad- 
aptation has become of major impor- 
tance to neurologists in understand- 
ing some of the relationships between 
the hypothalamus, other parts of the 
nervous system, and the adrenal 
cortex, both in terms of normal func- 
tion and the pathogenesis of a wide 
variety of diseases. 

Selye intended this volume to be an 
encyclopedia dealing with many as- 
pects of stress ranging from the 
history of the development of the idea 
to its medicolegal implications. The 
text, additionally, contains an expan- 
sion of Selye’s views on many of these 
topics, which is presented through the 
use of a publishing technique that the 
author introduced several years ago. 
The latter departs from traditional 
textual format in which the data and 
arguments underlying a point of view 
are presented systematically thus en- 
abling the reader to understand the 
basis of the judgements and conclu- 
sions. Selye’s method, on the other 
hand, is to present his views rather 
succinctly and in quite general terms, 
supported often by a rather general- 
ized or summarized review of data 
that usually lacks any critique. The 
details on which the textual compo- 
nent is based are usually to be found 


202 Arch Neurol—Vol 34, March 1977 





in extensive, relatively up-to-date bib- 
liographies at the end of each section. 
Many of the entries, in turn, contain a 
few of Selye’s own comments on the 
content of the individual references. 
As a result, one can survey quickly 
much of what the literature contained 
through 1974. While this is indeed a 
unique feature of the book, the reader 
may find himself unsatisfied that he 
fully understands the topic discussed 
or that he has been made aware of 
areas of controversy that exist and 
what steps may be required to define 
or resolve basic issues. 

Stress in Health and Disease is 
mainly concerned with “the types of 
agents that can act as stressors..., 
the role of nervous and hormonal 
mediators, and the diseases primarily 
dependent upon inappropriate reac- 
tion to stress, called ‘derailments of 
the GAS’.” 

Selye’s use of the term “stress,” as 
found in this volume, has become so 
broad that it has virtually lost specific 
meaning, since it involves far more 
than the adrenal cortical response to 
anxiety provoking, traumatic, or 
physically exhausting situations. In- 
deed, he asserts that adaptation of 
any kind is stressful and thus makes 
physiological demands of variable 
degree on the subject. The stressors 
may be pleasurable experiences as 
well as those listed above. This is 
particularly likely when the latter are 
unexpected or surprising. Nonethe- 
less, as one pursues the citations in 
support of these and other state- 
ments, one often finds them to be 
circumstantial clinical accounts or 
poorly documented case reports. 

Selye’s early explorations and dis- 
semination of knowledge of stress 
has, however, helped stimulate a 
highly productive series of investiga- 
tions, which have resulted in the great 
discoveries and developments that 
have occurred in neuroendocrinology 
and neuropharmacology during the 
past 20 years. Some have already 
found their way into current medical 
practice, and it is probable that evolv- 
ing knowledge of the relationship 
between the nervous and endocrine 
systems will, in their full application, 
significantly alter treatment of much 
of human disease. 

This summary and “state of the 
art” volume may be useful for the 
beginner who desires introduction to 
the concept of general adaptation and 
the modern understanding of the roles 
of the endocrine system, hypothala- 


mus, and brain in the generation of 
internal and external adaptive behav- 
ior. It is not, regrettably, written in 
customary or rigorous scientific style 
and in many places presents material 
in a popularized, highly simplified, 
and often out-of-date fashion. As 
example, one may refer to the descrip- 
tion of the anatomical and functional 
relationships between the pituitary 
and hypothalamus. Details such as the 
existence of aminergic and peptider- 
gic cells, functional subdivisions with- 
in components, the hierarchical ar- 
rangements within the system, the 
course of the carotid portal circula- 
tion, and the role of endophins are not 
readily to be found. Simplifications 
such as the amygdala is “a subcortical 
component of the limbic system, 
embedded with the temporal cortex” 
abound. Discussions of specific neuro- 
logical diseases may prove perplexing 
to the practitioner. For instance: 


It is well known that Parkinson’s disease is 
aggravated by psychogenic stressors, and 
that epileptic attacks can be provoked in 
predisposed individuals by a variety of 
stressors, particularly lack of sleep, emo- 
tional arousal and intellectual overexer- 
tion. Stress may also play a role in retro- 
grade amnesia, insomnia, multiple sclero- 
sis, susto [sic], Huntington’s disease, and so 
on. 


These typify what is widely found 


throughout the volume. The encyclo- 


pedia, one fears, will offer little of 
value to any but him who wishes a 
broad overview. 
SIMON HORENSTEIN, MD 
St Louis 


Clinical Microneurosurgery, edited by W. T. 
Koos, F. W. Bock, and R. F. Spetzler, 336 pp, 245 
illus, $36, Thieme Edition/Publishing Sciences 
Group Ine, 1976. 


This book is a survey of current 
microsurgical operative techniques in 
respect to surgical pathology of the 
brain, spinal cord, and peripheral 
nerve. There are 76 contributing 
authors representing multiple disci- 
plines, effecting a broader concept of 
surgical theory, technique, and results 
relative to clinical and investigative 
problems of the central nervous 
system. Ample discussion of different 
microscopic mechanisms is provided 
with emphasis on the importance of 
illumination, vision, easy maneuver- 
ability, and comfort for the surgeon. 

The text contains exceptional 
microscopic illustrations of both nor- 
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mal anatomy and pathologic spec- 
imens of the brain stem, posterior 
fossa cranial nerve tumors, and neo- 
plasms arising within the sella turcica 
and parasellar areas. Important mi- 
crosurgical anatomic-pathologic rela- 
tionships are illustrated and dis- 
cussed, such as the position of the 
infundibulum in relation to different 
parasellar tumors in respect to pre- 
serving continuity of the pituitary 
stalk, and the variants of vascular 
anatomy and its preservation in 
posterior fossa tumors. Evidence is 
presented that selected brain stem 
gliomas can be partially resected 
using the operating microscope, with 
minimal morbidity and mortality pro- 
longing functional existence. The 
book contributes minimally to the 
current knowledge in reference to the 
use of the operating microscope in 
spinal cord arteriovenous malforma- 
tions, intracranial aneurysms, and 
small vessel reconstructive surgery. 
Although the operating microscope 
has resolved many technical difficul- 
ties in peripheral nerve anastomosis, 
the authors contribute a thoughtful 
discussion of the physiologic proper- 
ties relating to regeneration that 
must be resolved before further 





significant advances are made in this 
area. The book contains an excellent 
review of the physiologic principals 
applicable in neuroanesthesia, and 
every physician concerned with the 
central nervous system should be fully 
knowledgeable of these concepts. 
Clinical Microneurosurgery is well 

referenced and is a valuable addition 
to the library of any surgeon who uses 
the operating microscope. 

JOHN C. VANGILDER, MD 

Iowa City 


Basic Neurochemistry, ed 2, edited by George J. 
Siegel, R. Wayne Albers, Robert Katzman, and 
Bernard W. Agranoff, 825 pp, illus, $15, Little 
Brown & Co, 1976. 

The second edition of this book 
encompasses many improvements 
over the first edition. This edition is 
organized in three parts—‘General 
Neurochemistry,” ‘Medical Neuro- 
chemistry,” and “Behavioural Neuro- 
chemistry”’—as was the first edition; 
however, there has been extensive 
reorganization and expansion within 
the parts. This reorganization has 
resulted in a more orderly presenta- 
tion of the material. Part 1, “General 
Neurochemistry” has an added chap- 
ter on neurocellular anatomy, a chap- 
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ter on molecular biology of the visual 
process, a chapter on cyclic nucleotides 
and synaptic transmission, a chapter 
on prostaglandins, and a chapter on 
axoplasmic flow. The amount of mate- 
rial on analytical methods has been 
curtailed. Part 2 on “Medical Neuro- 
chemistry” has been expanded; two 
new chapters have been added on 
seizures and comatose states and 
mucopolysaccharidoses. The chapter 
of disorders of muscles has been 
expanded. Part 3 has also been altered 
by combining “Psychopharmacology” 
and “Biochemical Theories of Mental 
Disorders” and by adding a new 
chapter on endocrine effects on the 
brain in relation to behavior. 

The second edition has been 
brought up to date and has been 
improved by reorganization. The 
chapters are somewhat telegraphic in 
style; the references in the chapters 
provide a good source of additional 
reading on the various topics. The 
book is of value to neurology resi- 
dents, graduate students in neurosci- 
ences, and to clinicians who may wish 
to have an overview of the subject of 
neurochemistry. 

DorotuHy D. ScHOTTELIUS, PHD 
Iowa City 


Typographical Error.—In the article “Superior Sagittal Sinus Thrombosis,” published in 


the January issue of the ARCHIVES (34:2-6), line 3 of column 3 on page 6 should read as 
follows: “four patients who were not taking...” rather than “four patients who were 
taking...” 
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Calendar and News 


CALENDAR OF MEETINGS 


Central Association of Electroencephalographers, annual meeting, Bel 
Air Hilton Hotel, St Louis 

American Association of Neurological Surgeons, annual meeting, Four 
Seasons Hotel, Toronto 

American Academy of Neurology, 29th annual meeting, Atlanta 
Hilton, Atlanta 

Teratology Society, 17th annual meeting, Sheraton Inn/ International 
Conference Center, Reston, Va 

American Association for the Study of Headache, San Francisco Hyatt 
Hotel, San Francisco 

World Federation of Neurosurgical Societies, Sixth International Con- 
gress of Neurological Surgery, Sao Paolo, Brazil 

American Neurological Association, 102nd annual meeting, Palmer 
House, Chicago 

27th International Congress of Physiological Sciences, Paris 

Seventh Congress of the European Society of Neuroradiology, Barce- 
lona, Spain 

12th Congress of the International League Against Epilepsy and 
Ninth Symposium of the International Bureau for Epilepsy, Interna- 
tional Congress Centre RAI, Amsterdam 

World Federation of Neurology, 11th congress, International Congress 
Centre RAI, Amsterdam 

American Association of Electromyography and Electrodiagnosis, 





z F P avuy a. as = y : 
x a ae x Spek, AA 7 == 7 ea 


24th annual meeting, Salt Lake City 


1977 
March 25-26 
April 24-28 
25-30 
May 15-18 
June 18-19 
19-25 
20-22 
July 18-23 
Sept 810 
10 
11-16 
30-Oct 1 
Oct 27-29 


Dr Morris B. Bender Professor of 
Neurology.—Dr Bernard Cohen was 
invested as the first Dr Morris B. 
Bender Professor of Neurology in a 
ceremony at the Mount Sinai School of 
Medicine of the City University of 
New York on Nov 29, 1976. Dr 
Dominick P. Purpura of the Albert 
Einstein College of Medicine gave the 
principal address, “Toward a Neuro- 
nal Pathobiology of Mental Retarda- 
tion.” 

Dr Cohen, a national expert on 
vertigo and oculomotor disorders, has 
been a professor of neurology and an 
attending neurologist at Mount Sinai 
since 1970. Dr Morris B. Bender was 
Henry P. and Georgette Goldschmidt 
Professor of Neurology Emeritus and 
Director of Neurology at the Mount 
Sinai Hospital until his retirement in 
1973. A leading clinician, research 
scientist, and teacher, he is credited 
with the training of more than 200 
neurologists. 


Neuroepidemiology Course and Con- 
ference.—The National Institute of 
Neurological and Communicative Dis- 
orders and Stroke (NINCDS) and 
Georgetown University School of 
Medicine are co-sponsoring a one-day 
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course followed by a two-day confer- 
ence on the epidemiology of neurolog- 
ical diseases, to be held in Washing- 
ton, DC, on May 15 through 17, 1977. 
The course will deal with the princi- 
ples of neuroepidemiology; the confer- 
ence will consider the applicability of 
this information to the clinical prac- 
tice of neurology and neurosurgery. 
No fees will be charged for attending 
either the course or conference. For 
further information contact Bruce S. 
Schoenberg, MD, MPH, Head, Section 
on Epidemiology, NINCDS, National 
Institutes of Health, Federal Build- 
ing, Room 7C10A, 7550 Wisconsin 
Ave, Bethesda, MD 20014; telephone 
(301) 496-1714. 


Postgraduate Course in Pediatric Neu- 
rosurgery.—The First Postgraduate 
Course in Pediatric Neurosurgery will 
be held at the Children’s Memorial 
Hospital, Northwestern University 
Medical School, Chicago, from May 3 
to 7, 1977. The program will deal 
mainly with intracranial infections, 
hydrocephalus, tumors (orbital, para- 
sellar, and posterior fossa), and spinal 
pathology in children. 

For information write Anthony J. 
Raimondi, MD, Division of Neurolog- 


Southern EEG Society, annual meeting, Chattanooga, Tenn 


ical Surgery, Northwestern Univer- 
sity Medical School, 303 E Chicago 
Ave, Chicago, IL 60611. 


Central Nervous System Malignancies 
Seminar.—A seminar on “Management 
of Central Nervous System Malignan- 
cies” will be held at the Roswell Park 
Memorial Institute, Buffalo, NY, on 
April 22, 1977. Chairperson is Dr 
Charles West. For further informa- 
tion contact Professional Education 
Office, Roswell Park Memorial Insti- 
tute, 666 Elm St, Buffalo, NY 14263. 


Practical Clinical Neurology Semi- 
nar.—The University of New Mexico 
School of Medicine and the Depart- 
ment of Neurology are sponsoring a 
postgraduate seminar on practical 
clinical neurology to be held in Albu- 
querque on March 25 and 26, 1977. It is 
designed to keep practitioners in 
family practice, medicine, pediatrics, 
neurology, and psychiatry abreast of 
current developments in neurology. 
The course is approved for 14 hours of 
AMA category I credit. For further 
information write to Office of Contin- 
uing Medical Education, Bldg M-6, 
University of New Mexico, School of 
Medicine, Albuquerque, NM 87181. 
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Regular anticonvulsant — Sarahi aá 
blood level measurements ~" 

let you map the patient's therapeutic 
response and adjust drug dosage before 
breakthrough seizures or toxicity 
symptoms occur. Hundreds of clinical 
laboratories are now equipped to 
perform fast, accurate and reproducible 
phenytoin, phenobarbital, primidone, 
ethosuximide and carbamazepine 
blood level measurements on 
“fingerstick” samples by 
EMIT” AED Assay... 


an important 
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application of Syva'’s powerful 
enzyme immunoassay technology. 

The EMIT AED Flow Chart simplifies 
plotting of assay results to identify 
blood level trends and adjust 
anticonvulsant dosage before problems 
occur. If a supply of these charts 

and a comprehensive brochure 

on the use of anticonvulsant 

blood levels in the management 

of epilepsy are not available 

from your clinical 

laboratory representative, 

contact Syva. 


Syva 


3181 Porter Drive 
Palo Alto, CA 94304 
415-493-2200 


Emit is a registered trademark of Syva, Palo Alto, California. 
No license is granted, either express or implied under any Syva Company patent 
by purchase or lease, except as specifically provided for in writing. 
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Specific vascular changes are 
revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates 
the unilateral surface temperature changes reflective 
of the dilation of deep cerebral arteries during a 
migraine attack. Liquid crystals allow differences 

in skin temperature to be “mapped” directly on the 
subject. Variations in skin heat loss are registered 
immediately, enabling rapid temperature changes to 
be followed easily. (Red reflects the coolest temperature, 
then green, blue, and violet.) 

This picture was taken of a migraine sufferer during an 
attack. The colors over the left eye reflect the cooler 
skin temperature due to the unilateral decreased 

blood flow to the forehead skin vessels that results 
from dilation of cerebral vessels on the affected side. 





S 4 fi th Contraindications: Peripheral vascular disease, coronary heart disease, 
peci IC erapy hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


for migraine Precautions: Although signs and symptoms of ergotism rarely develop 


even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 


d 
complicated by econimendec dosage. 
e Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
tension and G I upset pains in the extremities, weakness in the legs, precordial distress 
Brá and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


The combined vasoconstrictive actions of ergotamine and caffeine A E E T 


offer the best therapeutic results in helping to abort or relieve additional tablet every half hour until relieved (maximum, 6 per attack or 
the migraine headache. Additionally, belladonna alkaloids 10 per week). Recta//y—One suppository as early as possible in attack; 

; i = eee a second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 
help relieve the accompanying gastrointestinal irritability. And i iás hii 

vr soa Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
the patient's nervous tension, perhaps a precipitating factor in cyanosis of the extremities associated with diminished or absent 

i ital j peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 

the onset oF an attack, is often aiayed by the pentobarbital in convulsions and shock. A-case has been reported of reversible bilateral 
Cafergot P-B. papillitis with ring scotomata in a patient who received five times the 


recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 
control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 

TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., may be used with benefit but caution must be exercised to 

100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) avoid aggravating an already existent hypotension. 

0.125 mg.; sodium pentobarbital, U.S.P., (Warning: May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, Before prescribing, see package insert 

U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as for full product information. 

malates) 0.25 mg.; pentobarbital, N.F., (Warning: May be habit forming) 

60 mg.; inactive ingredients: tartaric acid, N.F., malic acid, lactose, U.S.P., 

and theobroma oil, U.S.P. Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ 75-311 


Nobel Laureate 
for 1976... 205 


Amyloidosis . . . 209 


Physostigmine Treatment 
of Amnesia... 215 


Central Pontine 
Myelinolysis . . . 220 





Evoked Potential in 
Neglect... 224 


Parkinsonian 
Nonresponders .. . 228 


Glossopharyngeal 
Neuralgia, Asystole, 
and Seizures .. . 233 


Acute Infantile Motor 
Unit Disorder... 236 


Juvenile Parkinsonism... 244 


Dissecting Aneurysm of 
Internal Carotid... 251 


Marchiafava-Bignami 
Disease... 254 


Fenfluramine Treatment 
of Parkinsonism... 255 





April 1977 





Theone \ 
oral narcoti® 
analgesic with 
all these feature: 


Dilaudid provides dosage 
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4 dosage strengths to meet the 
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Dilaudid keepen nausea, 
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minimum 
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thalamic and pituitary disease. 
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and clinical investigations. Many of the newer findings 
rest on a rigorous ultrastructural, biochemical and 
neurophysiological basis. Understandably, much of this 
information has so far been closeted in the primary 
research literature and remained out of reach to the 
practitioner. 

Now it is available — in convenient form and skillfully 
organized to provide the optimal utility in diagnosing 
and managing disorders ensuing from malfunctions of 
the pituitary and hypothalamus. 
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(BENZTROPINE MESYLATE| MSD) 


highly effective against 
phenothiazine-induced 
extrapyramidal symptoms 


(except tardive dyskinesia) 


often permits needed chemotherapy to continue by controlli ng 
drug-induced extrapyramidal manifestations such as: tremor, akathisia, 
motor restlessness, muscular rigidity, drooling, dystonic reactions. 


In some patients, however, the phenothiazine dosage may have to be 
reduced or discontinued. After one or two weeks, COGENTIN 
should be withdrawn to determine the continued need for it. 


When given concomitantly with phenothiazines or other drugs with 
anticholinergic activity, patients should be advised to report 
gastrointestinal complaints promptly; paralytic ileus, sometimes 
fatal, has occurred in patients taking anticholinergic-type 
antiparkinsonism drugs, including COGENTIN, in combination 
with phenothiazines and/or tricyclic antidepressants. 


Contraindications: Children under three years of age; use cautiously in older children. 
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In treating extrapyramidal symp- 
toms due to neuroleptic drugs, such 
as phenothiazines and butyro- 
phenones, the recommended dosage 
of COGENTIN is 1 to 4 mg once or 
twice a day orally or parenterally. 
Dosage must be individualized 
according to the need of the patient. 
Some patients require more than 
recommended; others do not need 
as much. The tablet form should 

be used when patients are able to 
take ora! medication. 


When extrapyramidal symptoms 
develop soon after initiation of 
treatment with neuroleptic drugs, 
they are likely to be transient. One to 
2 mg COGENTIN orally two or three 
times a day usually provides relief 
within one or two days. After one 

or two weeks, COGENTIN should 

be withdrawn to determine the 
continued need for it. If symptoms 
recur, COGENTIN can be 
reinstituted. 

Certain extrapyramidal disorders 
that develop slowly may not respond 
to COGENTIN. COGENTIN is not 
recommended in tardive dyskinesia. 
For more detailed information, 
see full prescribing information. 
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Paul Kaplan, M.D. Course Chairman 
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CLINICAL NEUROPHYSIOLOGY 
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Jasper R. Daube, M.D. 
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Course Chairman 


For 1977 Catalog of Continuing Education Programs, 
Information and Registration, Write: 


Don A. Olson, Ph.D. 
Director of Education & Training 
Rehabilitation Institute of Chicago 
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Chicago, Illinois 60611 


Neurologists & Psychiatrists 


The Food and Drug Administration’s Bureau of 
Drugs has Civil Service or Commissioned Corps 
openings for Neurologists and Psychiatrists as 
leaders of multidisciplinary teams reviewing New 
Drug Applications (NDA's) and Notices of Claimed 
Investigational Exemptions for New Drugs (IND’s). 
Salaries ranged from $35,431 to $39,600 per year 
(GS-14's and 15's). Salary for those appointed as 
Commissioned Officers may exceed $39,600 de- 
pending upon qualifications and bonuses for which 
eligible. 

Qualifications Required: U. S. citizenship; Doctor of 
Medicine, degree from a U. S. or Canadian medical 
school approved by AMA, or Doctor of Osteopathy 
from a school approved by AOA. Permanent, full 
unrestricted license to practice in any state, D. C., 


“| Puerto Rico, or U. S. Territory is desirable. Grad- 


uates of foreign or non-AMA approved schools must 
have (1) license to practice as above, or (2) one year 
on active duty as Medical Officer in the U. S. Armed 
Forced or Public Health Service, or (3) American 
Specialty Board certification, or (4) permanent 
certification by the Education Council for Foreign 
Medical Graduates via. examination. All positions 
require sound judgment, ability to plan and 


organize effort, and effectiveness in writing, Speak- 


ing, and interpersonal skills. 


Send resume, or inquiries, to Ms. Cynthia Nelson, 
Food and Drug Administration, 5600 Fishers Lane, 
Division of Personnel Management (HFA-400), 
Room 4B-44, Rockville, Maryland 20857. The Food 
and Drug Administration is an equal opportunity 
emnlover. 
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New and Recen 
Titles in Neurolo 


Developmental 
Pathology of the 
Neonate 


by J.-C. LARROCHE. 


1976 about 545 pages 
US $ 69.25 / Dfl. 180.00 
ISBN 90-219-2107-3 


Principal stages of brain de- 
velopment, which are a re- 
liable index of fetal ‘matura- 
tion’, are described in detail. 
Major cerebral lesions are 
Studied in terms of their 
topography and especially 
their pathogenesis. 


The Autonomic 
Nervous System 


An Introduction to Basic 
and Clinical Concepts 


Second Revised and 
Enlarged Edition 


by O. APPENZELLER. 


1976 xviii + 404 pages 
US $ 47.95 / Dfl. 125.00 
ISBN 0-7204-0670-6 


Selects the newest experi- 
mental findings of signifi- 
cance in making the clini- 
cian aware of autonomic 
dysfunction in neurologic 
and other diseases and aims 
to improve his understand- 
ing of clinical deficits which 
can be attributed to dys- 
function. 


Mechanisms in 
Transmission of 
Signals for 
Conscious 
Behaviour 


edited by T. DESIRAJU. 


1976 xii + 376 pages 
US $46.25 / Dfl. 120.00 
ISBN 0-444-41397-9 


Discussed in depth: proper- 
ties of electrical activity of 
the brain under natural and 
under experimental condi- 
tions; characterisation and 
correlations of physiologi- 
cal processes underlying 
learned or conditioned be- 
haviour and mental activity. 


The Dysraphic 
States 


From Syringomyelia to 
Anencephaly 


by W. J. GARDNER. 


1973 1st reprint 1975 
xii + 201 pages 

US $ 26.25 / Dfl. 68.00 
ISBN 90-219-2054-9 


The main thesis of this mon- 
ograph is that all dysraphic 
States may be explained by 
a single factor - inadequate 
escape of CSF at various 
Stages of embryonic and 
fetal development. 


Hyperostosis 
Corticalis 
Generalisata 
Familiaris 

(Van Buchem’s Disease) 


by F. S. P. VAN BUCHEM, 
J. J. G. PRICK and 
H. H. J. JASPAR. 


1976. x + 208 pages 


US $ 28.95 / Dfl. 75.00 
ISBN 90-219-2070-0 


Reports the results of neuro- 
logical, _ psychiatric and 
neuropathological exami- 
nations by the three leading 
experts of a rare systemic 
skeletal disease, ‘Van 
Buchems'’s Disease’. 






Neurogenic 
Intermittent 
Claudication 


With Special Reference 
to Stenosis of the 
Lumbar Vertrebral Canal 


by H. VERBIEST. 


1976 viii + 212 pages 
US $36.50/Dfl. 95.00 
ISBN 0-7204-0583-1 


Defines the clinical condi- 
tion neurogenic intermittent 
claudication, and gives an 
extensive description of the 
Clinical features, differential 
diagnosis and surgical 
techniques developed for 
treatment. 


Brain Scintigraphy 


A Neuroradiological 
Approach 


by L. PENNING and 
D. FRONT. 


1975 xiv + 384 pages 
US $ 56.95 / Dfl. 148.00 
ISBN 90-219-2087-5 


Throughout the book, clini- 
cal problems are empha- 
sized and illustrated by sche- 
matic drawings and photo- 
graphs which form the basis 
for this ‘atlas’ of diagnostic 
information. 


Elsevier/Excerpta 
Medica/North-Holland 
Associated 

Scientific Publishers 

P.O.Box 211, Amsterdam, 

The Netherlands 


Distributor in the U.S.A. and Canada 
ELSEVIER NORTH-HOLLAND. INC.. 
52 Vanderbilt Ave.. New York. N.Y. 10017 


The Dutch guilder price is definitive. 
US $ prices are subject to exchange 
rate fluctuations 















Versatile Neurologist 
needed immediately to 
join Neurology Depart- 
ment of large multispe- 
cialty group _ practice. 
EMG training preferred. 


Contact 


Terry Peters, M.D., 
The Monroe Clinic, 
Monroe, Wisconsin 
53566 
(608)328-7000. 
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HILTON HOTEL, PITTSBURGH 
Co-Chairman: Donald B. Kamerer, M.D. and Mark May, M.D. 


The Division of Continuing Education 


Department of Otolaryngology 
University of Pittsburgh School of Medicine 


The American Academy of Ophthalmology and Otolaryngology 


GREAT NAMES: Irving Blatt..John J. Conley..Ugo Fisch. . Michael E. Glasscock. . Peter Jannetta .. G.W. 
Kreutzberg .. Frank Lathrop .. Brian F. McCabe. . Adolph Miehlke..Hanno Millesi..Jack Pulec .. Jacob 


Sade... James W. Smith. . Sidney Sunderland . . G. Valvassori 


KEY SUBJECTS: Total Approach to Facial Paralysis-D, ‚P, R, . . Electrical and Non-Electrical Testing .. D, and R, of 
_Intracranial, Intratemporal, Extracranial Surgery .. Treatment of Bell's 
Palsy .. Management of Facial Hyperkinesis . . New Concepts in Facial Rehabilitation . . Grafting Techniques . . Man- 
agement of Complications . . Medical Legal Aspects . . Psychiatric Aspects 


Congenital, Infection, Trauma, Tumors. 


CONTINUING EDUCATION CREDITS: This Program meets the criteria for 23 hours of credit in Category One for the 
Physician’s Recognition Award of the American Medical Association. 


For further information contact: Division of Continuing Education 
1022-H Scaife Hall 
University of Pittsburgh School of Medicine 
Pittsburgh, PA 15261 

(412) 624-2653 
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Michael Salerno is n eo buff. He is learning to recognize sounds at a United Cerebral Palsy center. 


A child born with cerebral palsy 
may suffer lack of motor control, seizures, 
spasms, mental retardation, abnormal 
sensations or perceptions, poor sight, poor 
hearing or poor speech. 


Now the good news. 


Your baby picked a fine time to be born. Through research, doctors have 
almost cut in half the chances of being born with cerebral palsy. 

You can make the good news even better by helping this research 
continue. Give generously to your local United Cerebral 


Palsy association. Think what your money buys. 
United Cerebral Pal © 
n rebral Palsy |; 
For a financial statement write United Cerebral Palsy Assns.. Inc.. 


LLE 24L ATV NV INNIA ac the State Raard af Social Welfare. Office Tower. Empire State Plaza. Albanv. N.Y. 10023. 
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Testing for organic brain disease— 


THE MENTAL STATUS EXAMINATIO 
IN NEUROLOGY 
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a concise, up-to-the-minute guide 








by Richard L. Strub, MD and F. William Black, PhD 


Foreword by Norman Geschwind, MD ; 


New book/176 pages/ 27 illustrations / $7.95 paper 


This is a book that had to be written. Alone among 
medical texts, it deals exclusively and compre- 
hensively with the mental status examination in 
neurology. 


Of particular value for the practitioner as well 
as the student, this presentation of the mental 
status examination helps the reader relate organic 
mental syndromes to damage in particular regions 
of the brain. 


The book is concise as well as thorough. Hence 
it is useful for both the busy practitioner and the 
student. Various tests are described in detail — giv- 
ing suggested questions along with clinically useful 
interpretations of the probable answers. As a 
further practical measure, there are two helpful 


Appendices: Standard Psychological Tests, and 
Composite Mental Status Examination. 


Contents 
Levels of consciousness 
Attention 
Behavioral observations 
Language 
Memory 
Constructional ability 
Higher cognitive functions 
Related cortical functions 
Summary of examination 
Further evaluations 
Standard psychological tests 
Composite mental status examination 


F.A. DAVIS COMPANY / PUBLISHERS 


1915 Arch St., Philadelphia, PA 19103 


In Canada: McGraw-Hill Ryerson, Ltd., Scarborough, Ontario M1P2Z5 
——_——oeooe eS ee fe See ee eo ORDER DIRECT FROM PUBLISHER ———————— — — — — —— — —_—. 


F. A. DAVIS CO., 1915 Arch St., Philadelphia, PA 19103 


Send me the following books for my examination: 
C STRUB & BLACK: The Mental Status Examination $7.95 (paper) 
O ALPERS: 

Essentials of the Neurological Examination .... $6.50 (paper) 
O CLARK: Essentials of Clinical Neuroanatomy .... $6.95 (paper) 
O DUNKERLEY: 

A Basic Atlas of the Human Nervous System .... $6.95 (paper) 


ARN4.77 
Name 


Address 


City, State, Zip 


Please bill me. Payment is due in 30 days. Invoice will include small 
charge for postage and handling. lf book is unsatisfactory, it may be 
returned in good condition within 30 days. 


The schools don’t like to get 
involved with medication for MBD- 
-and now they don’t have to 





Importance of Cylert (pemoline) single daily dosage 
to the child, the parents and the teacher 


For the child For the adults Cylert offers these benefits in 
No drug in child’s pos- Control of medication & treatment program for MBD 
session while at school ” remains with parents e Single daily dose administration 
Avoids situation in Obviates need for maps l on ait 
which child is repeat- teacher or nurse to e Minimal cardiovascular effects 
edly singled out as supervise taking of oM d E di 

= remained remarkably constant 
Helps prevent possible Helps assure that the i 
variations in effect prescribed dosage is e Can be taken with breakfast 
caused by missed, for- being given each day 


gotten or delayed doses 


Cylert 
dosage Is once-a-day, given to 
the child at home by the parent 


IV 





Cylert, alone among CNS stimulants used to treat MBD, 
is inherently long-acting, permitting once-daily dosage 


Dosage 
and administration 


Cylert is given as a single oral 
dose each morning. 

The recommended starting 
dose is 37.5 mg. per day. This 
daily dosage should be grad- 
ually increased at one-week 
intervals using increments of 
18.75 mg. until the desired 
clinical response is obtained. 

The mean daily effective 
dose ranges from 56.25 to 


75 mg. per day. The maximum 
recommended daily dose of 
Cylert is 112.5 mg. 

Using the recommended 
schedule of dose titration, 
significant benefits may not be 
seen until the third or fourth 
week of drug therapy. Side 
effects may be seen prior to 
optimum clinical results. 


When not to use Cylert 


Cylert should not be used for 
(and will not be effective in) 


simple cases of overactivity in 
school age children. 

Neither should it be used in 
the child who exhibits symp- 
toms secondary to environ- 
mental factors and/or primary 
psychiatric disorders, including 
psychosis. 

The physician should rely on 
a complete history of the child 
and a thorough description of 
symptoms from both parents 
and teacher before postula- 
ting a diagnosis of MBD. E) 





Cylert 


(pemoline) C$ 


Prescribing Information 


Description: Cylert (pemoline) is a 
white, tasteless, odorless powder which is 
relatively insoluble (less than 1 mg/ml) 
in water, chloroform, ether, acetone, 

and benzene. In 95% ethyl alcohol, the 
solubility of pemoline is 2.2 mg/ml. 


Actions: Cylert (pemoline) is a central 
nervous system stimulant. The pharma- 
cologic activity of pemoline is similar to 
that of other known stimulants but with 
minimal sympathomimetic effects. 
Pemoline is structurally dissimilar from 
the amphetamines and methylphenidate. 
Although the exact mode of pharmaco- 
dynamic action is undetermined in man, 
pemoline has been reported to increase the 
rate of synthesis of dopamine in rat brain. 

In human subjects, Cylert produces peak 
blood levels within 2-4 hours. The serum 
half-life is approximately 12 hours. Mul- 
tiple dose studies in adults at several dose 
levels indicate that serum levels plateau in 
approximately three days. Cylert and its 
metabolites are primarily excreted by the 
kidneys with approximately 75% of an 
oral dose appearing in the urine Within a 
24-hour period. Approximately 43% of 
pemoline is excreted unchanged. Metabo- 
lites include pemoline dione, conjugated 
pemoline and mandelic acid. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain dys- 
function. Using the recommended sched- 
ule of dosage titration, significant clinical 
benefit may not be evident until the third 
or fourth week of drug administration. 


Indications: MINIMAL BRAIN DYS- 
FUNCTION IN CHILDREN-as adjunc- 
tive therapy to other remedial measures 
(psychological, educational, social). 


Special Diagnostic Considerations: 
Specific etiology of minimal brain dysfunc- 
tion (MBD) is unknown, and there is no 
single diagnostic test. Adequate diagnosis 
includes the use not only of medical but of 
psychological, educational, and social 
resources. 

Characteristics commonly reported 
include: A chronic history of moderate to 
severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) neuro- 
logical signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based 
upon a complete history and evaluation of 
the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational place- 
ment is essential and psychosocial interven- 
tion is generally necessary. When these 
measures alone are insufficient, the decision 
to prescribe stimulant medication will 
depend upon the physician’s assessment of 
the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondarv to environmental factors and/or 


New dosage form available! 








Cylert Chewable Tablets 


37.5 mg. 


primary psychiatric disorders, including 
psychosis. 


Contraindication: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the 
drug. (See PRECAUTIONS) 


Warnings: Cylert is not recommended 
for children under six years of age since 
safety and efficacy in this age group have 
not yet been established. 

Since Cylert (pemoline) and its metabo- 
lites are excreted primarily by the kidneys, 
caution should be observed in administer- 
ing the drug to children with significantly 
impaired renal function. 

Sufficient data on safety and efficacy of 
Cylert administration for periods beyond 
two years duration in children with minimal 
brain dysfunction are not yet available. 
Although a definite causal relationship 
has not been established, some temporary 
suppression of predicted growth pattern(Le., 
weight and/or height) has been reported 
with the long-term use of stimulants in 
children. Therefore, patients requiring long- 
term therapy should be carefully monitored. 


Drug Interactions: Interactions be- 
tween Cylert and other drugs have not 
been studied in humans. As with most 
other drugs, concurrent administration 
with other agents, especially drugs with 
central nervous system activity, should be 
carefully monitored. 


Usage in Pregnancy: Safety for use in 
pregnancy has not been established. Stan- 
dard studies of fertility, teratology and repro- 
duction were conducted in rats and rabbits. 
Daily oral doses of pemoline of 18.75 

and 37.5 mg/kg beginning at conception 
produced no abnormalities in the fetuses 
and did not affect viability at birth. Further 
studies using similar dose levels with drug 
administration beginning 14 days before 
conception demonstrated an increased 
incidence of stillbirths in these animals. 


Drug Dependence: Studies of the 

drug abuse potential of Cylert (pemoline) 
in primates have not demonstrated a 
potential for self-administration. However, 
the pharmacologic similarities between 
Cylert and other CNS stimulants with 
known abuse liability suggest that drug 
dependence of the stimulant type might 
occur. There have been isolated reports of 
transient psychotic symptoms in adults 
following long-term misuse of pemoline 
taken orally in excessive quantities. There- 
fore, caution should be observed in emo- 
tionally unstable patients considered to 
have a psychological potential for drug 
dependence. 


Precautions: Delayed hypersensitivity 
reactions involving the liver have been 
reported in 1-2% of the patients receiving 
Cylert usually after several months of 
therapy. No clinical symptomatology has 
been observed, but mild to moderate 


increases in transaminase (SGOT and 
SGPT) levels have occurred in these 

cases. These effects appear to be com- 
pletely reversible when drug treatment is 
discontinued. Transaminase levels should 
be determined periodically during therapy 
with Cylert to detect any such reactions. 


Adverse Reactions: The most fre- 
quently reported adverse reaction with 
Cylert is insomnia. Insomnia has been 
observed prior to optimum therapeutic 
response and in the majority of cases was 
transient in nature or responded to dosage 
reduction. Anorexia with weight loss during 
the first few weeks of therapy has also been 
reported. With continuing therapy, a re- 
turn to a normal weight curve usually 
occurred within three to six months. Other 
adverse reactions reported include stomach- 
ache, skin rash, irritability, mild depression, 
nausea, dizziness, headache, drowsiness, 
and hallucinations. Mild adverse reactions 
appearing early in treatment often remit 
with continuing therapy. If adverse 
reactions are of a significant or protracted 
nature, dosage reduction or discontinua- 
tion should be considered. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. The recommended 
starting dose is 37.5 mg per day. This daily 
dosage should be gradually increased at 
one week intervals using increments of 
18.75 mg until the desired clinical response 
is obtained. The mean daily effective dose 
ranges from 56.25 to 75 mg per day. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administra- 
tion should be interrupted occasionally to 
determine if behavioral symptoms sufficient 
to require continuing therapy recur. 


Overdosage: Cylert overdosage has 
been reported to produce symptoms of 
tachycardia, hallucinations, agitation, or 
restlessness. The treatment of acute massive 
overdosage with pemoline is essentially the 
same as that for overdosage with any drug 
having CNS stimulatory effects. Manage- 
ment is largely symptomatic and may 
include induction of emesis, gastric 

lavage or other measures as appropriate. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles 
of 100 (NDC 0074-6073-13) 

New Dosage Form: 
Cylert Chewable Tablets 37.5 mg. 


(orange-colored, grooved) in bottles e) 
of 100 (NDC 0074-6088-13) 
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imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 


ERCK 
SBAA See last page of advertisement for brief summary of nrescrihing infnrmatinn 


a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... 


Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
- bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


@ Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 
often depends on proper dosage 








e containing 25 mg carbidopa anc 
Start with SINEMET-25/250 ae ode eee 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most Convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


MSD 


Ef CK See fi lowing page for brief summary of prescribing information 
OHM 


Carbidopa: a key ingredient in SINEMET 


When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. See the Warnings 
(below) and Dosage and Administration sections in the full pre- 
scribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
given concomitantly. MAO inhibitors must be discontinued at least 
2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage. (See Dosage and Administration section of full prescribing 
information.) Patients taking SINEMET should be instructed not to 
take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require dosage 
reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 





Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during period of 
initial dosage adjustment, in a facility with provisions for intensive 
cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary, 
and patients should be carefully observed for loss of antiparkin- 
sonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and 
dizziness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucinations 
and delusions, agitation and anxiety, malaise, fatigue, euphoria, 
muscle twitching and blepharospasm (may be taken as an early 
sign of excess dosage; consider dosage reduction at this time), 
trismus, burning sensation of tongue, bitter taste, diarrhea, consti- 
pation, flatulence, flushing, skin rash, increased sweating, bizarre 
breathing patterns, urinary retention, urinary incontinence, diplo- 
pia, blurred vision, dilated pupils, hot flashes, weight gain or loss, 
dark sweat and/or urine, oculogyric crises, sense of stimulation, 
hiccups, edema, loss of hair, hoarseness, priapism, and activation 
of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, and 
uric acid are lower during administration of SINEMET than with 
levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET- 
25/250 are supplied in bottles of 100. J6S102 (DC 6834802) MSD 


For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck Sharp S Pè 
& Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486. HM 
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Editorial 


D. Carleton Gajdusek, MD— 
Nobel Laureate in Medicine for 1976 


he story behind the 1976 Nobel 

Prize in Medicine begins in 
Australia in 1957. Carleton Gajdusek 
was in Melbourne as a visiting investi- 
gator with Sir MacFarland Burnet at 
the Walter and Eliza Hall Institute of 
Medical Research. From New Guinea 
a territorial health officer, Vincent 
Zigas, reported a strange fatal neuro- 
logical disorder that was decimating 
the primitive Fore people in the 
eastern highlands. Intrigued, Gajdu- 
sek joined Zigas in 1957 to visit the 
area. Together they confirmed the 
occurrence of what the Fore people 
call kuru,’ and Gajdusek chose to live 
for the next 12 months among these 
people while he studied and tried to 
understand the disorder. 

From this rather unorthodox and 
exotic beginning emerged the discov- 
ery of a new class of transmissible 
virus-like agents—the atypical slow 
viruses—and the recognition that de- 
generative disorders of the human 
nervous system can be caused by such 


-agents—a totally unanticipated dis- 


covery. We are seldom privileged to 
witness the demonstration of such a 
truly quantum advance in biology. 
Thus, it is quite understandable that 
this year’s Nobel Prize in medicine has 
been awarded in recognition of the 
importance of these two discoveries. 
If Carleton Gajdusek were a differ- 
ent sort of person, the crucial clue 
provided by kuru might have been 
completely overlooked, but Gajdusek 
is a "man for all seasons,” a modern 
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version of the Renaissance man. His 
training and experience have been 
varied and wide-ranging: pediatrics, 
biophysics, microbiology, physical 
chemistry, virology, immunology, an- 
thropology, and neurology, including 
work with such outstanding figures as 
John Edsall, Linus Pauling, Max 
Delbruck, John Enders, and MacFar- 
land Burnet. He is fluent in at least 12 
languages, notably several Melane- 
sian, Micronesian, and New Guinea 
languages. Much of Gajdusek’s re- 
search in the southwestern Pacific 
reflects his conviction that studies of 
primitive peoples and their culture 
can teach us much about the develop- 
ment of the nervous system and asso- 
ciated learning and behavioral pat- 
terns. 

He has amassed a unique collection 
of anthropological and sociological 
records—written, filmed, and taped— 
and he has studied a broad spectrum 
of genetic, nutritional, and disease 
problems among the primitive peoples 
of Melanesia, Micronesia, and New 
Guinea. In the context of these 
cultures, Gajdusek has “adopted” 
more than a dozen boys whom he has 
brought to America for high school 
and college educations at his expense. 
There are seldom less than 20 of his 
boys, colleagues, and visitors from 
afar around the dining table at his 
Chevy Chase, Md, home. With the 
complexities of modern science and 
technology, few of us can even begin 
to emulate the natural scientists of 


å 
the Renaissance who were well versed 
in almost every field of cultural and 
scientific endeavor. Carleton Gajdu- 
sek is such a man, and it is surely an 
essential ingredient in his discoveries 
and in his recognition as a 1976 Nobel 
laureate. 

The observations on the Fore people 
were relatively straightforward: peo- 
ple with a stone age culture, still prac- 
ticing ritual cannibalism as a mark of 
respect for newly dead relatives, and 
afflicted with a fatal, degenerative 
disease of the central nervous system, 
which they called kuru—their word for 
the characteristic shivering-like trem- 
or exhibited by its victims. The 
disorder progresses from the tremor 
to cerebellar signs of ataxia and 
incoordination, increasing motor 
weakness, dementia, and death. Dur- 
ing Gajdusek’s 12-month sojourn 
among the 35,000 Fore and neighbor- 
ing peoples, more than 200 died of 
kuru, with a number of communities 
virtually decimated because of its 
high incidence among the women and 
children. Since the discovery of kuru, 
more than 2,500 Fore people have died 
from the disease. Pathological exami- 
nation of brains from kuru victims 
revealed localization of lesions to gray 
matter, characterized by vacuolization 
and dropping out of neurons, astro- 
cytic hypertrophy, and proliferation, 
degeneration of Purkinje cell axons 
and dendrites, and presence of amy- 
loid plaques. The resulting appearance 
of status spongiosus led to the desig- 
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nation of the disorder as a spongio- 
form encephalopathy.’ 

Initially, from an epidemiological 
viewpoint, the cause of kuru was not 
at all obvious. However, when Gajdu- 
sek and his colleagues reported in 1959 
on the neuropathology of kuru, Dr 
William Hadlow, a veterinary neuro- 
pathologist at the National Institutes 
of Health (NIH) Rocky Mountain 
Laboratory in Hamilton, Mont, called 
attention to close similarities of the 
pathological findings in kuru with 
those in scrapie, a transmissible de- 
generative disorder of the ovine 
nervous system.’ Scrapie was first 
studied in Icelandic sheep by Bjérn 
Sigurdsson, who in 1954 confirmed its 
transmissibility and developed the 
concept of and criteria for slow infec- 
tions. Following up on Hadlow’s 
suggestion, Gajdusek sought to ascer- 
tain whether or not kuru was trans- 
missible, the suggestive clue being the 
ritual cannibalism during which the 
Fore women and children were most 
assiduous in smearing the kuru 
victim’s brain and visceral tissues over 
face and body. From samples of kuru 
brains, Gajdusek and colleagues pre- 
pared bacteria- and protozoan-free 
suspensions, which were inoculated 
intracerebrally into chimpanzees. The 
logistics of transporting “viable” sam- 
ples from the New Guinea jungles to 
the NIH in Bethesda, Md, deserves 
our contemplation, even if a detailed 
account is precluded. 

A few historical footnotes are 
needed here. When Gajdusek went to 
Australia in 1955, he had just com- 
pleted a tour of military service at the 
Institute of Research of the Walter 
Reed Army Medical Center in Wash- 
ington, DC. There he worked under 
the late Dr Joseph Smadel and there 
he met Dr Clarence J. Gibbs, Jr, a 
microbiologist. Joe Smadel and Joe 
Gibbs moved to the NIH where 
Smadel recommended Gajdusek to the 
NIH community. One institute direc- 
tor, Dr Richard L. Masland of the then 
National Institute of Neurological 
Diseases and Blindness, recognized 
Gajdusek’s genius and appointed him 
head of the Laboratory of Slow, 
Latent, and Temperate Virus Infec- 
tions. At the same time, Gajdusek 
persuaded Joe Gibbs to join him. Thus 
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began the extraordinarily fruitful 
collaboration of Gajdusek and Gibbs 
and the research facility that Gajdu- 
sek still heads, now known as the 
National Institute of Neurological and 
Communicative Disorders and Stroke 
(NINCDS) Laboratory of Central Ner- 
vous System Studies. 

In 1963, Gibbs inoculated two chim- 
panzees with kuru brain suspension. 
Nothing happened. Six months, then a 
year, and even 18 months went by 
with no observable changes in the 
animals. The transmissible nature of 
kuru seemed highly dubious; but then, 
dramatically, in 1966 at 20 months 
after inoculation, one chimpanzee de- 
veloped typical signs and symptoms of 
kuru, and the other succumbed at 30 
months after inoculation.‘ Neuropath- 
ological findings confirmed the fact 
that these apes had contracted kuru. 
Inoculations of brain suspensions 
from 11 kuru victims produced kuru 
in 19 chimpanzees, with an average 
incubation time of 22 months, and 
serial transmissions from chimpanzee 
to chimpanzee have followed. Brain 
suspensions in dilutions as high as 1 in 
10°” are highly effective, and the incu- 
bation time on serial passage has 
dropped to an average of 11 months. 
Transmission of kuru has also been 
demonstrated in some ten species of 
old and new world monkeys, with 
incubation in the rhesus monkey 
(Macaca mulatta) lasting an incred- 
ible 8.5 years. 

Another footnote is needed at this 
point. During the late 1950s, canni- 
balism among the Fore people was 
abandoned as the result of increasing 
contact with the civilized western 
world. By 1960, the practice occurred 
rarely in the most remote hamlets. 
Governmental authorities and mis- 
sionaries had actively campaigned 
against it, and the medical workers 
had encouraged burial as a more sani- 
tary means of disposing of the dead. 
The Fore people and their neighbors 
were anxious to adopt cultural traits 
of the western world from which steel 
axes and knives, motor vehicles and 
airplanes, blankets and guns had 
emanated. Now the threatened deci- 
mation of these people has been 
halted, and no deaths from kuru 
among the children and the adoles- 


cents have been recorded for more 
than five years. Ironically, this success 
has prompted a midwestern American 
newspaper to cavil at the Nobel 
committee for awarding the prize for 
discovery of a now rapidly disap- 
pearing disease. 

That newspaper failed to appreciate 
the next development. Until 1966 
there was not the slightest suspicion 
that any of the chronic idiopathic 
degenerative disorders of the human 
nervous system were infectious in 
nature. Earlier, an NIH colleague, Dr 
Igor Klatzo, had called Gajdusek’s 
attention to the striking similarity of 
the neuropathological lesions in the 
brains of patients with kuru and 
those with Creutzfeldt-Jakob disease.° 
With proof of the transmissibility of 
kuru, Gajdusek and Gibbs put Creutz- 
feldt-Jakob disease to the test. It took 
only two more years to demonstrate 
its transmissibility from human brain 
suspensions to subhuman primates 
and serially in the latter. Creutzfeldt- 
Jakob disease is a rare but worldwide 
disorder with a prevalence approach- 
ing one per million. Subsequently, 
examples have been reported of its 
apparent transmission to a recipient 
of a corneal transplant from a patient 
later diagnosed as dying from Creutz- 
feldt-Jakob disease and to a neurosur- 
geon after operating on another 
patient diagnosed postoperatively as 
having a variant of the disease. The 
impetus provided by the kuru discov- 
eries have been responsible, in large 
measure, for the recognition of a slow 
virus cause for two other degenerative 
disorders of the human nervous sys- 
tem: subacute sclerosing panencepha- 
litis caused by a defective measles 
virus and progressive multifocal leu- 
koencephalopathy caused by the JC 
and SV40 strains of papovavirus. 

Thus, as a result of the discoveries 
by Gajdusek and his colleagues, it is 
now firmly established that chronic 
degenerative neurological disorders of 
man can arise by the slow but relent- 
less multiplication of infectious 
agents of the slow virus group which 
cause disease many years after the 
initial infection.’ By the late 1960s, 
four neurological disorders—scrapie 
and transmissible mink encephalop- 
athy in animals and kuru and Creutz- 
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Dr Carleton Gajdusek in his New Guinea “laboratory.” 


feldt-Jakob disease in man—had been 
established as caused by an atypical 
slow virus-like agent or agents that 
produce closely similar, if not identi- 
cal, diseases in a variety of primate, 
rodent, and ungulate species. Such 
discoveries are viewed by many as 
having significant implications for 
the nature of multiple sclerosis, amyo- 
trophic lateral sclerosis, Alzheimer 
disease, and other presenile or senile 
dementias. In fact, two cases of the 
familial form of Alzheimer disease 
have been transmitted to subhuman 
primates, and the amyloid plaques 
typically seen in scrapie and kuri 
brains appear to be identical with 
the immunoglobulin-derived amyloid 
plaques characteristically present in 
the brains of patients with presenile 
dementias. As Mims’ notes: “it seems 
probable that we have still not 
gathered the full harvest of the 
discoveries made by Gajdusek.” 
However, the neurological discov- 
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erles are paralleled by an equally 
important biological discovery. The 
kuru-scrapie group comprises an en- 
tirely new class of infectious agents. 
By light and electron microscopy 
there is no evidence of inflammatory 
response, no perivascular infiltration 
and no recognizable virion in infected 
brains. No evidence for an immune 
response and no antibodies have been 
obtained. There is no evidence for 
antigenic relationship to any of more 
than 50 known virus antigens. Yet the 
kuru-scrapie agents persist in ex- 
planted cultures of infected brain and 
are readily transmissible in extreme 
dilutions via routes other than intra- 
cerebral inoculation (such as intrave- 
nous, intramuscular, or subcutaneous) 
and from tissues other than brain 
(pooled liver, kidney, spleen, or lymph 
nodes).* 

In subcellular fractionation studies, 
the agents are clearly localized to the 
plasma membrane-containing sub- 





fraction and are thus sensitive to 
detergents or solvents that disrupt 
membrane architecture. However, the 
agents of kuru, Creutzfeldt-Jakob 
disease, and scrapie are stable at —70 
C for years in phosphate-buffered 
saline suspensions of brain. The 
agents are very thermostabile up to 80 
C and are markedly but not complete- 
ly inactivated at 100 C. The agents 
remain infectious after storage for 
more than seven months in a 3.7% 
formaldehyde solution (10% formalin) 
at room temperature. They are mark- 
edly resistant to ultraviolet irradia- 
tion, to proteolytic enzymes, and to 
deoxyribonuclease (DN Aase) and ri- 
bonuclease (RN Aase).* These various 
characteristics are unlike those for 
any other known bacteria or virus and 
have led Gajdusek and Gibbs to 
suggest that the kwru-scrapie agents 
are small pieces of genetically active 
nucleic acid tightly bound to frag- 
ments of plasma membrane with just 
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enough codons to code for themselves, 
with such information forming an 
integral part of the genetics of the 
host cells. As Gajdusek has pointed 
out, these unconventional, atypical 
virus-like agents represent an entirely 
new biological phenomenon. They are 
unlike any other known infectious 
agent—an extraordinary discovery in 
itself—and warrant special precau- 
tions by neurosurgeons and neuropa- 
thologists.*"° 

A final footnote should be inserted 
here. As Mims’ points out: 


These agents responsible for kuru, Creutz- 
feldt-Jakob disease and scrapie pose major 
problems for the investigators, All assays 
and tests depend on the lengthy incubation 
period in experimental animals and it may 
take more than a year to learn the result of 
a single experiment. Other microbiologists 
would have shied away but Gajdusek’s 
insight, patience and persistence have 
ensured that the infectious origin of kuru 
was discovered and the disease given an 
important place in our understanding. 


In fact, most microbiologists would 
have had difficulty in commanding 
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the resources within their institutions 
to house and maintain for decades the 
many primates essential to these 
discoveries. This is an example of the 
unique role of the NIH intramural 
research programs that permit and 
foster such research opportunities. 
Again the vision and support of Dick 
Masland and subsequent directors of 
NINCDS has been an essential ingre- 
dient. Most important of all are the 
contributions of the many colleagues 
of Carleton Gajdusek around the 
world, without whom progress would 
have been slow or impossible. Part of 
Gajdusek’s genius in his ability to 
catalyze fruitful collaboration essen- 
tially wherever he finds himself— 
France, England, Germany, the Soviet 
Union, Tanzania, Australia, Japan, 
and certainly all of North America. As 
much as Gajdusek deserves the Nobel 
prize, he would be the first to insist 
that he is only the spokesman for each 
and everyone of these colleagues in 
what has been a massive collaborative 
effort. 

I can think of no better way to 
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conclude this account than to quote 
again from Mims:' 


He has been the pioneer and the central 
authority in this area of biomedical 
research. His encyclopaedic memory, his 
familiarity with strange places and primi- 
tive peoples have generated many legends. 
He is the sort of man one might have 


expected to win a Nobel prize and yet at 


the same time it is both a surprise and a 
pleasure to find such a gentle and likeable 
man behind the legends. 


Yet the last word belongs to Carleton 
Gajdusek, who insists that the discov- 
eries to date represent only the begin- 
ning. Our appreciation of the extent 
of neurological involvement and our 
understanding of the significance of 
the slow virus biological phenomenon 
are still to come. 
DONALD B. Tower, MD 
National Institute of 
Neurological and 
Communicative Disorders 
and Stroke 
National Institutes 
of Health 
Bethesda, MD 20014 
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Amyloidosis With Plasma Cell Dyscrasia 


An Overlooked Cause of Adult Onset Sensorimotor N europathy 


John L. Trotter, MD; W. King Engel, MD; Thomas F. Ignaczak, MD 


è In ten previously undiagnosed pa- 
tients, we have found erstwhile-“primary” 
nonhereditary amyloidosis as an over- 
looked cause of a predominately sensory, 
painful, and hyperesthetic distal neurop- 
athy occurring in middle-aged and older 
patients. These symptoms, associated 
with orthostatic hypotension, diarrhea or 
constipation, cardiac abnormality, and 
male impotence are virtually diagnostic 
(in the absence of diabetes mellitus). 
Tissue diagnosis is quickly made by crys- 
tal-violet metachromasia of amyloid in 
fresh-frozen sections of a muscle biopsy 
specimen. Immunoglobulin and bone 
marrow evidence of plasma cell dyscrasia 
in eight of the ten patients suggests that 
the neuropathy in this form of amyloidosis 
is actually secondary to a plasma-cell- 
originating dysproteinemia. Therapy with 
melphalan and prednisone was not of 
benefit. 

(Arch Neurol 34:209-214, 1977) 


olyneuropathy beginning in adult- 

hood is a challenging and often 
vexing problem in diagnosis and 
treatment. Of the nonfamilial types, 
some are readily diagnosed, but a 
significant percentage are not. 
Among the patients referred to us 
with the diagnosis of “idiopathic” 
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nonfamilial neuropathy, we have iden- 
tified ten as having erstwhile-“pri- 
mary” nonhereditary amyloidosis. Ac- 
cordingly, that form of amyloidosis is 
an often overlooked cause of adult- 
onset sensorimotor polyneuropathy. 
Herein discussed are the clinical 
findings and investigative aspects of 
its pathogenesis, particularly in re- 
gard to the plasma cell dyscrasia and 
immunoglobulin abnormalities found 
in eight of the ten patients. 


PATIENTS AND METHODS 


The ten patients with erstwhile-primary 
nonhereditary amyloid polyneuropathy 
were studied, with informed consent, in the 
Medical Neurology Branch of the National 
Institute of Neurological and Communica- 
tive Disorders and Stroke between 1965 
and 1974. The major presenting symptoms 
in all patients were abnormalities of the 





Symptoms 


Weight loss greater than 44 kg + 
Decreased taste acuity a 
Hoarseness + 
Dysphagia = 
Dyspnea on exertion i 
Palpitations 

Anorexia ii 
Nausea; vomiting 
Epigastsic pain 
Constipation 









Easy bruisability 
Orthostatic hypotension 
Carpel tunnel pain 
Extremity pain 
Weakness 
Numbness 


Table 1.—Cumulative Symptoms 


peripheral or autonomic nervous system. 
Patients with a carpal tunnel syndrome but 
without polyneuropathy were excluded 
from the series. Two of the patients with 
polyneuropathy had carpel tunnel syn- 
drome. The mean age at onset of symptoms 
was 54 years, with a range of 44 to 61 years. 
The duration of illness at the latest exami- 
nation varied from two to ten years. There 
was a marked male preponderance of eight 
patients as noted previously.’ None of the 
patients had a family history of neurologic 
disease. 


RESULTS 
Clinical Findings 


The initial manifestation of illness 
was pain in the distal lower extremi- 
ties of nine patients and in the hands 
of one. It was usually of an aching or 
burning nature, often accompanied by 
sharp, shooting pains. Distal numb- 
ness was an early complaint in all 
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patients. Five noted significant distal 
hyperesthesia. As the disease pro- 
gressed, the number of symptoms 
(Table 1) increased. 

Sensory symptoms typically were 
symmetric and progressed a variable 
distance proximally in the lower 
extremities before involving the up- 
per extremities and ventral trunk. 
Distal weakness was not an early 
complaint but eventually developed in 
all patients. It was more pronounced 
in the lower extremities and it pro- 
gressed proximally. 

Symptoms attributable to autonom- 
ic nervous system dysfunction were 
prominent in these patients, as noted 
previously.’ All eight men were impo- 
tent early in the course of their illness. 
Eight patients had postural dizziness 
or syncope; orthostatic hypotension 
was demonstrated in all. Nine pa- 
tients had constipation or intermit- 
tent constipation and diarrhea (three 
patients), suggesting motility distur- 
bances from autonomic involvement 
or possibly gastrointestinal viscus or 
blood vessel infiltration. The frequent 
complaint of epigastric pain could 
have been from autonomic involve- 
ment, somatic sensory involvement, or 
amyloid infiltration into viscera or 
visceral vessels. Four patients noted 
hypohidrosis. 

Clinical examination showed in- 
volvement of several systems (Table 
2). Neurological abnormalities were 
confined to the peripheral and auto- 
nomic nervous systems. Seven pa- 
tients had moderate to severe deficits 
to light touch, pin-prick, and tempera- 
ture up to the knees; in four patients, 
the deficits in the distal upper 
extremities were comparably severe 
and in three, they were moderate. The 
other three patients had only minimal 
upper and lower extremity deficits in 
these modalities at our initial exami- 
nation. Vibratory and proprioceptive 
abnormalities were less severe and 
frequent, but when present, they were 
also more pronounced in the lower 
extremities. Seven patients had had 
fasciculations at some time during 
their illness. All had detectable distal 
weakness, but only three patients had 
any muscle group rated at less than 
4/5 (Medical Research Council rating)’ 
on initial examination. Seven patients 
lacked ankle and knee tendon reflexes 
when first examined, and three of 
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Orthostatic hypotension + + + — + + + + + — 


Pupils assymetric or unreactive 
Vitreous opacities 

Decreased taste acuity 
Weakness 


Atrophy 


Fasciculations 


Sensory loss 
Pin and temperature 


Touch 
Vibration or position 
Absent deep tendon reflexes 


Enlarged organs 
Tongue 


Liver 
Spleen 
Nerves 
Edema 
Dry skin (ichthyotic) 
Purpura 
Trophic ulcers 















Bone marrow 


Abnormal serum hepatic enzymes 


*ND indicates test not done in this patient. 


those were totally areflexic. 
General Laboratory Results 


Laboratory studies aided in demon- 
strating areas of involvement (Table 
3). In all patients, typical denervation 
changes were evident on electromyog- 
raphy and motor-nerve maximum con- 
duction velocities were mildly slowed 
to unobtainable. Median nerve senso- 
ry latencies were normal in five of 
five patients. Ulnar nerve distal 
motor latencies were normal in nine of 
nine patients; median nerve distal 
motor latencies were normal in six of 
eight patients. Muscle biopsy spec- 


Plasmacytosis, >4% — + — + + = H + + 

Lymphocytosis, >7% — — + ant tS aoa + POA hee 
X-ray film 

Lytic lesions ND* ee AUNDA e a) | is D t 

Demineralization ND =), ND = + + + Es E A 
Abnormal ECG + + + 
Echocardiogram ventricula 

thickening ND ND NDB — ND + + ND + ND 


CSF protein level, mg/100 ml 45 ND 220 51 64 ND 76 ND 59 54 
Creatinine clearance, ml/min ND ND ND 43 ND 118 122 38 ND 71 
Fasting blood sugar 

value, mg/100 ml 90 102 94 103 87 105 87 65 89 78 


Two-hour postprandial 
glucose level, mg/100 ml 122 138 136 120 98 116 130 152 125 133 





imens of all patients showed scattered 
and grouped atrophic muscle fibers 
with the histochemical characteristics 
of denervation; type-grouping was not 
as evident as expected in relation to 
the duration of disease. There was no 
evidence of myopathy. In the sural 
nerves of all four patients who had 
sural nerve biopsies and in the intra- 
muscular nerve branches of muscle 
biopsy specimens of all patients, there 
was loss of unmyelinated and myeli- 
nated fibers and fibrosis (Fig 1). 
Rarely, there were amyloid deposits 
related to vessels or apparently unre- 
lated. Amyloid deposits in biopsy 
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Fig 1.—Nerve biopsy specimen. In two nerve fascicles, there is loss of small unmyelinated 
and large myelinated fibers, only few of which remain (one indicated by vertical arrow), 


fibrosis, and no detectable amyloid deposits. Positively-stained structure is mast cell, 
which is indicated by horizontal arrow (crystal violet stain, x 236). 


specimens were quickly and clearly 
demonstrated by the crystal-violet 
stain adapted to fresh-frozen sections 
showing their metachromasia (bright 
red to pink, in contrast to the dark 
bluish-purple orthochromatic staining 
of the muscle fibers and other normal 
structures) and were less easily dis- 
cerned by green and orange dichroic 
birefringence under polarizing mi- 
croscopy after Congo-red staining of 
paraffin sections (although fairly 
clearly evident in fresh-frozen sec- 
tions). In the muscle biopsy specimens 
of all patients, deposits of amyloid 
were located in the walls of blood 
vessels or around them and in the 
connective tissue (Fig 2). Ultrastruc- 
turally, the deposits were composed of 
typical nonbranching (70 to 100 A in 
diameter) fibrils (Fig 3) that were 
sometimes nestled in the “embrace” 
of a cell, presumably a fibroblast (Fig 
4). When loosely arranged, the indi- 
vidual fibrils were distinct, but in the 
matted collections they were not. 
Amyloid was never found within 
muscle fibers but was closely apposed 
to them (Fig 5). Light-microscopic 
evidence of amyloid deposition in 
other tissues was obtained from renal 
biopsy specimens (two patients), rec- 
tal and gastric biopsy specimens (one 
patient), skin biopsy specimens (one 
patient), and bone marrow biopsy 
specimens (one patient). 

Evidence of more generalized amy- 
loid deposition was eventually present 
in all patients (Tables 1, 2 and 3). 
Cardiac involvement was prominent. 
Symptomatic congestive heart failure 
was present initially in only two 
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patients, but eight had ECG evidence 
suggestive of amyloid cardiac involve- 
ment.’ Three of four patients (one 
with a normal ECG) studied by echo- 
cardiography had evidence of infiltra- 
tive cardiomyopathy. 


Immunoglobulin and 
Plasma Cell Studies 


Serum and urine protein electropho- 
resis and immunoelectrophoresis dem- 
onstrated monoclonal immunoglobulin 
abnormalities (Table 4), an indirect 
indication of an underlying plasma 
cell dyscrasia. On serum protein elec- 
trophoresis, albumin, a-l, a-2 and 
B-globulin values showed no consis- 
tent aberrations. Gamma globulin was 
decreased in five of nine patients. 
Seven of eight patients had evidence 
of a monoclonal “spike” or serum elec- 
trophoresis. One patient had a six- 
year history of “benign” monoclonal 
gammopathy before neurological 
symptoms developed. Serum immu- 
noelectrophoresis detected parapro- 
teins (M-components) in seven of 
eight patients: five patients, IgG 
kappa; 1, IgG lambda; and 1, IgM 
lambda. Urine protein immunoelec- 
trophoresis demonstrated the same 
urinary paraproteins in three of four 
patients with serum IgG kappa para- 
proteins. Four of five patients had an 
abnormality on quantitative immu- 
noglobulin determinations. Bone mar- 
row aspirations or biopsy specimens 
demonstrated plasma cell dyscrasias. 
Seven patients had more than 4% (the 
upper limit of normal) plasma cells in 
marrow specimens. Two of these 
seven patients had “overt multiple 
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Fig 2.—Muscle biopsy specimen of amy- 
loid deposits (white) indicated by arrows in 
connective tissue (black) around muscle 
fibers (gray) (crystal violet stain, x 300). 


myeloma” as defined by immature 
cells (one of whom had a sister with 
multiple myeloma but no neuropathy), 
and one, previously reported, had 
Waldenstrém macroglobulinemia.° 
Three patients had bone marrow 
lympocytosis of greater than 7% (the 
upper limit of normal). Bone marrow 
specimens of six patients demon- 
strated generalized hypocellularity. 

Because of the association between 
amyloid polyneuropathy, immunologic 
abnormalities, and plasma cell dyscra- 
sias noted in these patients, four were 
treated with high dose, intermittent 
melphalan (Alkeran) and prednisone 
(melphalan, 0.25 mg/kg/day for four 
days, together with prednisone, 2 mg/ 
kg/day for four days, every four to six 
weeks), as is used for multiple 
myeloma’ and which has shown some 
promise in a few cases of systemic 
amyloidosis.** The patients were ob- 
served for approximately one year on 
this regimen and continued to show 
progressive involvement of neural and 
other tissues. One patient of the four 
with monoclonal gammopathy had 
diminution of the serum M-compo- 
nent level without concurrent im- 
provement in neurologic symptoms or 
signs. The other three had no appar- 
ent benefit. 

Three of our patients have died 
eight years, four years, two months 
(with Waldenström macroglobuline- 
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Fig 3.—Electronmicrograph of muscle biopsy specimen. Two types of fine amyloid 





fibril collections (moderately dark), loose (center) and tightly matted (upper right), 


amongst broader collagen fibrils (unstained, 


(x 25,500). 


mia), and three years after the onset 
of neurologic symptoms. Seven pa- 
tients are alive two years, five months 
to seven years after the onset of 
symptoms, but one of these is under- 
going long-term hemodialysis for re- 
nal insufficiency. All three deaths 
were attributed to cardiac amyloidosis 
with congestive heart failure. Autop- 
sies of two patients showed wide- 
spread deposition of amyloid. 


COMMENT 


Amyloidosis is characterized by the 
deposition of a material, light-micro- 
scopically rather homogeneous and 
eosinophilic, in various tissues 
throughout the body. Our simplistic 
way of classifying generalized amyloi- 
dosis is as follows: (1) hereditary 
and (2) nonhereditary. Nonhereditary 
amyloidosis includes: (1) amyloidosis 
with chronic infection (parainfec- 
tious) eg, with tuberculosis, leprosy, or 
chronic suppuration; (2) amyloidosis 
with major plasma cell dyscrasia, eg, 
multiple myeloma, Waldenström mac- 
roglobulinemia, or H-chain disease; 
and (3) amyloidosis with minor plasma 
cell dyscrasia (including virtually all 
cases of erstwhile-primary amyloido- 
sis). 

A constant feature of amyloid de- 
posits is the presence of typical fibrils 
70 to 100 A in width and a length of up 
to 16,000 A or more.’'° The fibrils 
show some evidence of beading or 


212 Arch Neurol—Vol 34, April 1977 





upper 


ge l . 1 AA 
~ r i Y &. ” a lag 
, < > a A R, 
5 2 ; 7 t? - ve + š 
a ar he 


ER 


=, < 


ee ey r: 
A - i Pu ° . 


periodic structure. These fibrils, con- 
sisting of 8-pleated sheet conforma- 
tion of' antiparallel-arrayed peptide 
chains, are responsible for the charac- 
teristic Congo-red (and probably the 
crystal violet metachromasia) stain- 
ing and the solubility properties of 
amyloid material. ®'>-+ The minor P- 
(plasma, pentagonal) component gly- 
coprotein “decorating” the amyloid 
deposits probably is responsible for 
their PAS-positivity.* Recent bio- 
chemical investigations have shown in 
several cases of erstwhile-primary 
nonhereditary amyloidosis that the 
major fibrillar protein comprising 
amyloid is an aminoterminal (variable 
portion) polypeptide fragment of an 
immunoglobulin light chain, more of- 
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ten a lambda light chain in a previous 
series but usually a kappa light chain 
in our patients." These are 
produced by plasma cells; whether 
macrophages and other retic- 
uloendothelial cells have a role in 
contributing to the amyloidogenecity 
of the fragments is not known.” -15 In 
secondary parainfectious amyloidosis, 
the filaments may be a derivation of a 
serum component, SAA protein.: 
Some overlap between the two groups 
in respect to the amyloidogenic precu- 
sor has recently been noted.'®-2° Others 
have also recently noted plasma cell 
dyscrasias and immunoglobulin ab- 
normalities in half the patients with 
erstwhile-primary nonhereditary 
amyloidosis.'**°*? Our study suggests 
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Fig 5.—Electronmicrograph of muscle biopsy specimen. Muscle fiber with mixture of loose 
and slightly matted amyloid fibrils immediately adjacent to frond-like surface folds of muscle 
fiber. Fronds may be related to denervation atrophy of fiber ( x 18,000). 





Serum protein level on electrophoresis, gm/100 mli 


Table 4.—Serum and Urinary Protein Levels 


Patient 










Albumin (normal, 3.0-4.8 gm/100 ml) 3.3 









a-1 Globulin (normal, 0.1-0.2 gm/100 ml) 0.2 0.5 0.3 0.2 0.2 0.26 0.2 
a-Globulin (normal, 0.4-0.9 gm/100 ml) 0.8 0.9 0.6 0.8 0.4 0.7 0.96 0.9 0.7 
B-Globulin (normal, 0.7-1.2 gm/100 ml) 0.8 0.8 1.1 0.7 0.4 0.6 1.44 0.7 0.4 







y-Globulin (normal, 0.7-1.2 gm/100 ml) 0.6 
Monoclonal spike None 
Serum quantitative immunoglobulin level, IU/ml 


















Urine paraprotein detected on 
immunoelectrophoresis 


that most if not all have those abnor- 
malities. 


The mechanism of the diffuse nerve 
damage in amyloidosis is not known. 
Several hypotheses exist: (1) ischemic 
neuropathy caused by infiltration of 
amyloid in the small blood vessels of 
nerves*-**; (2) a compression neurop- 
athy caused by amyloid deposits with- 
in nerves”; (3) a type of inflammatory 
neuropathy”; and (4) a toxic-meta- 
bolic process.**-** The striking symme- 
try of the sensory neuropathy, the 
early involvement of pain and temper- 
ature sensation (carried by poorly 
myelinated fibers, which are not the 
ones especially susceptible to ischemia 
or pressure), and the less-than- 
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expected type-grouping in the muscle 
suggesting impaired collateral sprout- 
ing of “spared” motor axons have led 
us to favor a toxic-metabolic process. 
The neuropathy is mainly dysneuro- 
nal” because the conduction rates are 
usually normal, but there can be an 
additional dysschwannian component 
as indicated by slowed conduction 
rates in some patients. A toxic-meta- 
bolic effect on the peripheral sensory 
and motor nerve cells perhaps is 
produced by the demonstrated abnor- 
mal immunoglobulins or immunoglob- 
ulin fragments or perhaps other 
postulated * abnormal protein or poly- 
peptide molecules produced by the 
abnormal plasma cells, disseminated 
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IgG (normal, 72-209 IU/ml) 200 360 471 77 192 
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in the circulation, transmitting a “re- 
mote effect” of those plasma cells. 
Such a circulating detrimental “assas- 
sinating” molecule has been generi- 
cally termed a “Sparafucile” mole- 
cule.” It could be affecting mainly the 
soma or the axon. 

If the neuropathy is due to a 
plasma-cell-produced _assassinating 
molecule of immunoglobulin or a frag- 
ment thereof, one possibility is that it 
refiects a berserk immune mecha- 
nism. That would be analagous to the 
pathokinetic mechanism postulated in 
myasthenia gravis™* and perhaps 
in the dermatomyositis-polymyositis 
complex. Accordingly, it now appears 
to us, considering the failure of the 
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mephalan-prednisone pulse therapy, 
that treatment for the latter two 
conditions might be applied to amyloi- 
dosis, namely, long-term high-single- 
dose (100 mg) alternate-day predni- 
sone with or without azathioprine (3 
mg/kg/day). The basis of the 
distinct tissue specificity of the assas- 
sinating molecule in not known, but it 
could be determined by inadvertently 
specific “receptor” molecules on the 
surface of the victimized cells. Prox- 
imity of amyloid fibrils to cells is not 
necessarily toxic, since there is nearly 
always large amounts of amyloid 
deposited in connective tissue adja- 
cent to muscle fibers (Fig 5), but in 
only one rare case (with significant 
intramuscular vascular deposits as 
well)?* was there active myopathy. 

Two patients in our series were 
defined as having “overt multiple 
myeloma” because of immature plas- 
macytosis in the bone marrow, but 
they did not have roentgenographic 
evidence of bone lesions, nor bone 
pain or hypercalcemia. The distinction 
that none of our patients had typical 
multiple myeloma is important be- 
cause there exists a sensorimotor 
neuropathy associated with solitary or 
multiple myeloma that is not ac- 
companied by any amyloid demon- 
strable by biopsy or at autopsy and 
does not have the prominent autonom- 
ic component noted in our series of 
patients.**"' It has been considered to 
be related to the “remote-effect” 
syndrome of carcinomatous neuropa- 
thy.** Supporting that point of view 
is the fact that remission of a myelo- 
matous neuropathy may follow irra- 
diation of a solitary lesion." It is of 
interest that, as in our patients, the 
age of onset of that myelomatous 
neuropathy was 44 to 58 years and 
there was a striking male preponder- 
ance." Perhaps in the basic path- 
ogenic mechanisms, these two distinct 
neuropathy accompaniments of plas- 
ma cell abnormality are not dissimi- 
lar. 

In only about 10% of patients with 
the two other plasma cell dyscrasias, 
Waldenström macroglobulinemia and 
multiple myeloma, does the abnormal 
protein produced have the propensity 
to form f-pleated sheets evident as 
amyloid—thus in the majority, an 
associated sensorimotor neuropathy, 
if caused by an abnormal circulating 


214 Arch Neurol—Vol 34, April 1977 


$ N TS "S Fa] t 


k 


immunoglobulin or subunit, would 
result from nonamyloidogenic assassi- 
nating molecules. Therefore, the same 
possibility was raised in regard to the 
plasma cell dyscrasia in erstwhile- 
primary nonhereditary amyloidosis 
patients, ie, that the postulated neuro- 
toxic assassinating molecule may not 
be an amyloidogenic one but another 
coproduced (ie, a “para-Sparafucile” 
molecule).2* Another sensory-greater- 
than-motor neuropathy (familial) is 
associated with increased production 
of nonamyloidogenic IgA by cells in 
the intestinal mucosa-submucosa.” 
According to the above thesis, it is not 
inconceivable that an IgA molecule, 
an IgA fragment, or another copro- 
duced molecule could be the neural 
assassin. 


Nonproprietary Names 
and Trademarks of Drugs 


Azathioprine—/muran. 
Melphalan—Alkeran. 
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Memory Enhancement 





After Physostigmine Treatment 


in the Amnesic Syndrome 


Bruce H. Peters, MD, Harvey S. Levin, PhD 


è Central anticholinergic agents (eg, 
scopolamine) are known to produce tran- 
sient memory deficits in human and 
animal subjects. Damage to the limbic 
system frequently results from herpes 
simplex encephalitis (HSE) and produces 
a memory deficit. If this deficit is due to 
limbic cholinergic pathway destruction, it 
might improve with central cholinergic 
agonists (eg, physostigmine). In a double- 
blind study over a three-week period, we 
compared memory performance on three 
days after 0.8-mg subcutaneous physo- 
stigmine therapy (three sessions) to base- 
line performance and that obtained in 
three randomly interspersed control ses- 
sions. Serial assessment of memory by 
the Selective Reminding Test showed 
reproducible enhancement of long-term 
storage and retrieval with physostigmine 
treatment. Performance after control in- 
jections did not exceed baseline levels. 
Our findings encourage the hypothesis 
that cholinergic mechanisms subserve 
memory and that their pharmacological 
potentiation might favorably influence 
some amnesic conditions. 

(Arch Neurol 34:215-219, 1977) 
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* ae involving the limbic system 
are commonly found in amnesic 
syndromes.'* Cholinergic pathways 
within the limbic system have been 
identified;' acetylcholine release is 
important in cortical arousal,' and 
excessive stimulation of central cho- 
linergic synapses tends to decrease 
motor output and calm experimental 
animals, while central anticholiner- 
gics have an opposite effect.* Physo- 
stigmine has been found to facilitate 
retrieval of previously learned infor- 
mation in mice when tested shortly 
after drug administration." Consis- 
tent with earlier studies,’ Drachman 
and Leavitt observed a transient 
memory deficit in human volunteers 
after administration of scopolamine, a 
central cholinergic inhibitor, and sug- 
gested that central cholinergic path- 
ways mediate human memory. These 
findings confirm the previous study 
by Crow and Grove-White® in which 
scopolamine produced impairment on 
a free-recall word learning task in 
normal humans. Herpes simplex en- 
cephalitis (HSE) primarily affects the 
limbic system and may produce an 
amnesic syndrome. -> We report the 
study of a patient with HSE in whom 
we have explored the hypothesis that 
potentiation of central cholinergic 
pathways might augment memory 
storage and retrieval. 


REPORT OF A CASE 


An 18-year-old woman had received 
outstanding grades in school and had been 
entirely well prior to an illness that in May 
1974 resulted in headache, episodes of star- 
ing, hallucinations, confusion progressing 
to stupor, and a temperature of 40 C. There 
was generalized hyperreflexia without 
pathological reflexes and no localizing 
neurological deficits. The CSF contained 85 
lymphocytes, with a protein content of 70 
mg/100 ml and a glucose value of 72 mg/ 
100 ml; bacterial and fungal cultures were 
negative. Herpes simplex encephalitis was 
confirmed by spinal fluid titers that 
initially were negative but reached 1:512 
after 11 days. An EEG showed bitemporal 
5- to 7-Hz activity, with sharp waves and 
some bursts of moderate voltage spikes. 
The patient was treated with supportive 
therapy and anticonvulsants. Residual def- 
icits included urinary incontinence, stereo- 
typed and regressed behavior, topographic 
disorientation, and transient prosopagno- 
sia, despite otherwise intact visual func- 
tion, all of which somewhat improved over 
a two-year period. The patient has been 
maintained, without further seizures, on 
phenytoin, 100 mg three times daily, and 
phenobarbital, 30 mg/day. 

Findings of the physical examination in 
June 1976 showed a very pleasant and 
eagerly cooperative young woman who was 
joking and childlike in manner. She 
weighed 46 kg and was 150 em in height. 
Other than a severe anterograde amnesia, 
an extensive examination showed no other 
demonstrable neurologic deficits. In con- 
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trast to a Wechsler Adult Intelligence 
Scale (WAIS) IQ of 86 obtained seven 
months prior to this study, our examina- 
tion showed a WAIS IQ of 92, with compa- 
rable verbal and performance scores (ver- 
bal scale, 92; performance scale, 94). The 
Wechsler Memory Quotient was 73, even 
though she was capable of repeating eight 
digits forward and seven reversed. Block 
construction using three-dimensional mod- 
els was normal as was copying of 
designs. Finger-tapping speed was nor- 
mal bilaterally. Perception of rhythm on 
the Seashore Test“ was intact. Perform- 
ance on the Benton Visual Retention Test" 
was far below expectation for age and 
intelligence. Continuous recognition mem- 
ory (differentiating new from previously 
seen pictures in an unpublished test 
devised by H. J. Hannay, PhD, and H. S. 
Levin, PhD) was impaired, relative to 
normal students of similar age, with exces- 
sive false-positive errors. Supraspan Digit 
Storage“ was initially defective, ie, she was 
unable to exceed her forward digit span. 
Verbal learning and memory on the Selec- 
tive Reminding Test” was hindered by 
frequent intrusions. On the Wide Range 
Achievement Test, oral reading of single 
words was at the average level (58th 
percentile) for age, whereas spelling (27th 
percentile) and arithmetic (12th percentile) 
were below average. Speech was fluent and 
free of aphasic defects. 


MATERIALS AND METHODS 
Effects of Physostigmine 
Therapy Before Training 


Following six daily practice sessions in 
which baseline levels of performance were 
established and in which the patient 
became familiar with the assessment 
procedure, a double-blind trial of physo- 
stigmine treatment vs a control condition 
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was undertaken with informed consent. 
The procedures utilized in each session to 
evaluate mnemonic effects of physostig- 
mine included the Supraspan Digit Storage 
Test, the Selective Reminding Technique, 
and the Benton Visual Retention Test, 
Finger-tapping speed was also measured 
using the manipulandum and method of 
Reitan” for five trials of ten seconds for 
each hand. The Supraspan Test consisted 
of three series of 12 randomly selected 
digits; each series was presented at a rate 
of one digit per second by tape recorder for 
five trials after standard assessment of 
forward span. The mean number of digits 
correctly recalled on each trial was aver- 
aged for the three series. Our modification 
of the Selective Reminding procedure 
employed 12 high-frequency words pre- 
sented orally at a rate of one word per two 
seconds. After each free-recall trial, only 
those words omitted by the patient were 
repeated by the examiner, though the 
patient was required to recite all the words 
on each of the 12 trials. Thus, a word 
recalled on any trial would not be 
presented again until it was omitted by the 
patient. Scoring corresponded to Buschke 
and Fuld’s" format, yielding scores on each 
trial for total recall (TR), long-term 
retrieval (LTR), long-term storage (LTS), 
consistent long-term retrieval (CLTR), and 
short-term recall (STR). A word was 
assumed to enter LTS on being recalled 
correctly on two consecutive trials; LTR 
was scored for recall of a word assumed to 
have entered LTS. Recall of a word on any 
given trial and every succeeding trial 
thereafter was scored as CLTR beginning 
on the given trial. Thus, retrieval failure is 
inferred when LTS exceeds LTR on a given 
trial. Short-term recall is recall of an item 
that has been presented on a given trial but 
has not gained access to LTS, ie, has not 


been recalled unless presented by the 
examiner; TR is the sum of STR and LTR. 
Intrusions were recorded. An additional 
cued recall trial was given in which the 
initial letter or first two letters of each 
word (depending on word length) were 
presented on an index card. Cued recall 
was analyzed separately, Unrelated words 
on each of the multiple forms of the Selec- 
tive Reminding Test were selected from 
the American Heritage Word Frequency 
Book"; the forms were comparable in word 
length, frequency, and initial letter. The 
three forms of the Benton Visual Reten- 
tion Test were given in randomized order. 
Responses on verbal memory tests were 
tape-recorded to verify the examiner's 
scoring. The sequence of test administra- 
tion was constant. 

Physostigmine was routinely given with 
0.2 mg of methscopolamine (a noncentrally 
active anticholinergic given to counteract 
possible peripheral muscarinic side effects) 
in increasing dosages randomly, inter- 
spersed with days in which control injec- 
tions were given; testing extended over a 
three-week interval. The dosage range of 
physostigmine was 0.2 to 1.2 mg; the 
control condition, which also consisted of 
two separate injections, was either 0.2 ml 
of sterile saline or 0.2 mg methscopola- 
mine. These control conditions were com- 
pared to exclude any possibility that meth- 
scopolamine administration alone affected 
performance. Testing began 20 minutes 
after the subcutaneous injection and was 
completed within one hour. 


Effect of Physostigmine 
Therapy After Training 


After the completion of the previously 
mentioned testing, we sought to investi- 
gate the effects of physostigmine on reten- 
tion independent of initial learning. Train- 


Selective Reminding Test: Median Total Recall, Short-Term Recall, and Consistent Long-Term Retrie\ 


in the Baseline, Control, and Physostigmine Conditions 





Total Recall Short-Term Recall 
ED Sees SE eS 
Students Physo- Students Physo- Students 
Trial (Mean + SD)T Baseline Control stigmine (Mean + SD) Baseline Controi stigmine (Mean + SD) 

1 6.8+1.6 5.0 4.0 5.0 1.6£1.5 2.5 2.0 4.0 4.6+2.1 
2 9.12.1 7.0 4.0 8.0 1.4+0.9 5.0 3.0 4.0 6.2+3.1 
3 10.2£1.1 7.0 5.0 8.0 1.442.2 4.0 3.0 3.0 7.03.4 
4 9.8+1.9 7.0 6.0 8.0 0.30.7 4.5 3.0 3.0 73.7 
5 10.9=1.2 6.0 7.0 7.0 0.9+1.4 3.0 2.0 2.0 8.2+3.7 
6 "40.3+1.9 7.0 5.0 8.0 0.4+1.0 4.5 3.0 3.0 8.7+3.6 
7 11.0£1.2 6.0 6.0 8.0 0.6+0.9 4.0 2.0 2.0 9.03.2 
8 11.0+1.6 6.0 8.0 7.0 0.1+0.3 2.5 4.0 2.0 9.7+2.9 
9 11.6£0.7 6.0 6.0 9.0 0.2+0.4 5.0 3.0 2.0 10.2+2.3 
10 EZEN 5.0 6.0 8.0 0.0+0.0 4.0 2.0 1.0 10.6+1.8 
11 11.8 £0.4 6.0 6.0 7.0 0.1+0.3 3.5 1.0 2.0 F4AL15 
12 411.720.7 5.0 6.0 7.0 0.0+0.0 3.0 4.0 1.0 11.1 £1.5 


* Consistent long-term retrieval designates recall of an item on à given trial and all subsequent trials without additional presentations. 
+ Mean score and standard deviation for nine female high school students ages 17-18 yr. 
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Fig 1.—Median number of items in long-term storage under 
baseline, control injection, and physostigmine injection condi- 
tions. Shaded area extends + 2 standard deviations from mean 
(continuous line) of normal female students (n = 


ing was given on a verbal paired-associate 
task presented orally. Twelve high-asso- 
ciate (example: sneeze-cough) and 12 low- 
associate pairs (example: desk-car) were 
provided; training was carried out with 
corrective feedback until the patient 
reached the criterion of 75% correct or the 
one-hour time limit was reached. Anticipa- 
tory recall was tested by orally presenting 
the first word of a pair while showing it on 
an index card. She was next trained 


Consistent Long-Term Retrieval* 


Physo- 
Baseline Control stigmine 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 1.0 
0.0 0.0 2.0 
0.0 0.0 2.0 
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Fig 2.—Median long-term retrieval of items under baseline (BM), 
control injection (CIM), and physostigmine treatment conditions 
(PM). Cued recall (CR) on supplementary trial is represented by 
filled circle. Shaded area extends + 2 standard deviations from 


mean (continuous line) of normal female students (n = 9). 


according to the same criterion on a recog- 
nition memory task, employing the random 
forms of Vanderplas and Garvin.” Twenty 
forms were projected by a tachistoscopic 
slide projector successively for five seconds 
and were immediately followed by a four- 
choice recognition test array of photo- 
graphs presented by the examiner. A 
correction procedure was used. After a 
two-hour recess, retention of half of the 
verbal associates and designs was tested 20 
minutes after a control injection. Cued 
recall was evaluated on the verbal task by 
providing the initial letter after a standard 
recall trial. After resting ten more 
minutes, 0.8 mg of physostigmine was 
given; after a 20-minute delay, retention of 
the remaining verbal associates and 
designs was tested. This order of testing 
reduced the possibility of a spurious posi- 
tive effect; conditions were again double- 
blind. 


RESULTS 
Effects of Physostigmine 
Treatment Before Training 


Preliminary comparison to baseline 
and control performance showed no 
evidence of change on any measure 
when physostigmine was given in a 
dosage of 0.2, 0.4, or 1.2 mg. Perform- 
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ance after control injections of meth- 
scopolamine alone did not differ from 
that of saline nor was there any indi- 
cation of a change in the patient’s 
mood or gross physiological function- 
ing under either condition. An impres- 
sive gain was found on the Selective 
Reminding Test when a dose of 0.8 mg 
of physostigmine was used. Conse- 
quently, this dosage was given in 
three sessions, interspersed with 
three control sessions. 

Median scores on each trial of the 
Supraspan Test were computed for 
the three control and three physostig- 
mine treatment sessions. Median 
baseline scores on the five Supraspan 
trials were 3.7, 6.5, 7.2, 6.2, and 5.8, 
respectively. In contrast to the pa- 
tient’s failure to exceed her forward 
span in baseline assessment, the 
corresponding median scores in the 
control injection condition were 10.0, 
11.3, 10.7, 12.0, and 12.0. Median scores 
obtained during physostigmine thera- 
py were 10.7, 11.0, 11.0, 10.7, and 11.7, 
respectively. Although Supraspan per- 
formance improved from the baseline 
level to within the range of students 
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of similar age, there was no drug 
effect on comparison by the Wilcoxon 
Signed Rank Test for matched 
groups. 

In contrast, performance on Selec- 
tive Reminding was generally im- 
paired under both conditions (Table 
and Figs 1 and 2). Analysis of median 
scores by the Wilcoxon Signed Rank 
Test on each trial (n = 12) disclosed 
significant improvement with 0.8 mg 
of physostigmine as compared to 
control on measures of TR (t = 2.5, 
P< 01), -LTR € = 0;,P=<.0));20TS 
(t=0, P<.01), and CLTR (t =0, 
P < .01). Although there was a trend 
for the patient to rely on STR to a 
greater extent under the control 
condition, this reversal was not signif- 
icant (t = 10.5). Intrusions far ex- 
ceeded the normal range and were 
predominantly extra-list; features of 
the testing room and the hospital 
environment were frequently in- 
truded. There was a total of 74, 37, and 
14 intrusions on the three-day therapy 
with 0.8 mg-physostigmine, whereas 
112, 130, and 100 intrusions were 
obtained on control days. As depicted 
in Fig 1, cued recall on a supplemen- 
tary trial did not differ under the two 
conditions nor did it exceed unaided 
recall. The patient’s STR did not 
differ from that of control subjects. 
Comparison of the median scores 
under each condition with baseline 
performance demonstrated less STR 
under the control condition (t = 2.5, 
P< .01) and under physostigmine 
treatment (t = 6, P < .01), a finding 
suggestive of greater reliance on long- 
term processes as training progressed 
(Table). As shown in Figs 1 and 2, no 
significant improvement emerged on 
any index of long-term memory in the 
control condition, whereas adminis- 
tration of 0.8 mg of physostigmine 
enhanced long-term processes above 
the baseline level as measured by TR 
t= 0, P <.01), LTR (t= 1, P <.01), 
LTS (t =1.5, P<.01), and CLTR 
(t:=.0, P= 01) 

The Benton Visual Retention Test 
was given twice under the control and 
physostigmine conditions and com- 
pared to the first two baseline 
sessions. Of the ten designs compris- 
ing the Benton Visual Retention test 
that were presented at each session, 
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the numbers correctly reproduced 
from memory were six with seven 
errors and three with 13 errors in the 
baseline sessions, six with seven 
errors and three with eight errors in 
the control condition, and eight with 
five errors and six with eight errors 
with physostigmine treatment. The 
data show no consistent change in 
short-term visual memory with phy- 
sostigmine administration. Median 
finger-tapping score of the right 
(dominant) hand was 46.3 taps with 
physostigmine treatment and 50.4 
taps under the control condition. The 
corresponding medians of the left 
hand were 40.6 and 39.6, respec- 
tively. 


Effects of Physostigmine 
Treatment After Training 


Despite an hour of training, the 
patient never attained the criterion 
level of paired-associate learning (the 
best trial was 21% correct). By 
contrast, she achieved 75% correct 
recognition of the Vanderplas designs 
during training. Under the control 
condition, the patient was unable to 
spontaneously recall any of the 12 
paired associates tested; providing the 
initial letter resulted in recall of a 
single item (8% correct). After physo- 
stigmine administration, she recalled 
two words without assistance (17% 
correct) and responded well to cues by 
achieving a level of 50% correct recall. 
Of the ten Vanderplas designs tested 
in the control condition, the patient 
correctly identified only one (10%). 
Seven of the forms (70%) were 
correctly recognized after physostig- 
mine administration. Recognition 
memory after treatment with physo- 
stigmine surpassed the control level 
(P = .025 by Fisher Exact Method). 


COMMENT 


Notwithstanding the constraints 
imposed on generalizing from a single 
case, the results suggest that both 
memory storage and retrieval on 
Selective Reminding tests were im- 
proved by physostigmine therapy at a 
dose of 0.8 mg (0.017 mg/kg) given 
subcutaneously. This enhancement 
was obtained by establishing a dose- 
response curve, as both lower and 
higher dosages were ineffective. De- 


spite the impressive facilitation of 
storage and retrieval with physostig- 
mine administration, this patient with 
a postencephalitic amnesic syndrome 
manifested persistent impairment in 
her ability to consistently retrieve test 
items without presentation of the 
item or at least a cue. Administration 
of physostigmine after training re- 
sulted in retrieval of test items that 
had been previously stored but never 
retrieved during training. This find- 
ing suggests a dissociation between 
LTS and retrieval that was evident 
only when physostigmine was given 
after training. Physostigmine treat- 
ment did not enhance storage and 
retrieval on the Supraspan test, 
though performance generally im- 
proved to normal levels in both drug 
and control conditions with extended 
practice. As in those patients with 
postencephalitic amnesic syndrome 
described by Drachman and Arbit,” 
our patient initially failed to augment 
her forward span with repeated trials 
on the Supraspan test. As these 
authors did not report findings with 
extended practice on this task, it is 
conjectural whether our patient’s 
progressive improvement is atypical. 
The discrepancy in our findings 
between the Selective Reminding and 
the Supraspan tests may be attribut- 
able to the adjustive characteristic of 
the former in that storage and re- 
trieval are “tested to the limits” by 
successively fewer presentations of 
test items as recall improves with 
repeated trials. The Supraspan proce- 
dure offers less opportunity for con- 
tamination by intrusions, a problem 
frequently noted in amnesic patients" 
on the Selective Reminding task. 
Physostigmine therapy had no appre- 
ciable effect on either the Benton 
Visual Retention Test or the Reitan 
Finger-Tapping Test. 

Clinical observations, by one of us 
not involved in the behavioral testing 
(B. P.), after the administration of 
physostigmine suggested that the 
patient’s selective attention was im- 
proved and she appeared to be calmer 
and more goal-directed in behavior. 
Consonant with these observations, 
intrusions on the Selective Reminding 
Test were reduced after physostig- 
mine administration. The behavior 
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observed after physostigmine treat- 
ment was reminiscent of the de- 
creased distractibility produced by 
methylphenidate hydrochloride in hy- 
perkinetic children. This apparent 
similarity in observed effects led us to 
propose that methylphenidate and 
physostigmine might share modified 
arousal as a common mechanism of 
action. Consequently, the patient was 
tested using alternate forms of the 
Selective Reminding Test on a single 
day during which her performance 
after a control injection was compared 
to her serial scores at 60, 120, 180, and 
240 minutes after 7.5 mg (0.16 mg/kg) 
of oral methylphenidate hydrochlo- 
ride. Contrary to the suggestion that 
methylphenidate might facilitate 
memory, we found a potentiation of 
LTS and retrieval on the first four of 
the 12 Selective Reminding trials, but 
performance subsequently deterio- 
rated to the control level. This tran- 
sient augmentation of performance 
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was only present on testing at 120 
minutes after drug ingestion. In 
contrast to the behavioral observa- 
tions after physostigmine treatment, 
methylphenidate administration in- 
creased the patient’s excitability and 
distractability. Intrusions on the Se- 
lective Reminding Test after treat- 
ment with methylphenidate were 
comparable to control scores and far 
exceeded the number after physostig- 
mine therapy. 

Encouraged by the favorable effect 
on storage and retrieval and absence 
of side effects afforded by subcuta- 
neous physostigmine treatment, we 
have evaluated several oral dosages 
and found similar results on Selective 
Reminding testing two hours after 
oral physostigmine therapy. The re- 
sults of extended use of this regimen 
given at four-hour intervals three 
times a day will be the subject of a 
later report. The patient is satisfacto- 
rily tolerating the medication without 
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any adverse effects reported by her or 
gross physiologic changes. 

Given that cholinergic pathways 
exist within the limbic system* and 
that central cholinergic antagonists 
produce a memory deficit in human 
subjects,*" it is plausible to infer that 
the memory deficit of HSE is at least 
partially attributable to disruption of 
limbic cholinergic pathways. If this is 
true, central cholinergic potentiation 
might be expected to enhance storage 
and retrieval of information in the 
postencephalitic amnesic syndrome. 
Our findings are in accord with this 
hypothesis but do not exclude other 
explanations and await confirmation. 
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Central Pontine Myelinolysis 


A Clinical Reappraisal 


W. C. Wiederholt, MD; Ronald M. Kobayashi, MD; James J. Stockard, MD; Valerie S. Rossiter, MA 


e We discuss three patients with clin- 


ical findings of central pontine myelino- 
lysis (CPM). Two patients survived with 
minimal neurological deficits, and one 
patient died from medical complications 
while recovering from his neurological 
deficit. Postmortem examination showed 
the typical lesion of CPM. Brain stem 
auditory evoked potential studies in two of 
our patients indicate that there was 
impairment of function in auditory pontine 
pathways that returned to normal as the 
patients improved clinically. We conclude 
that CPM can be diagnosed clinically and 
that patients may recover if intercurrent 
illnesses are vigorously treated. 
(Arch Neurol 34:220-223, 1977) 


T 1959, Adams et al’ described three 
patients with central pontine my- 
elinolysis (CPM), “a hitherto unde- 
scribed disease occurring in alcoholic 
and malnourished patients.” The le- 
sion occupied the central basis pontis 
and showed myelin destruction involv- 
ing all tracts regardless of their site of 
origin, termination, or function, in- 
cluding the corticospinal, corticobul- 
bar, corticopontine, and pontocere- 
bellar tracts. The lesion extended 
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from the lower border of the midbrain 
to the lower pons, sparing the most 
caudal pons at the pontomedullary 
junction. In two patients, the lesion 
extended for a short distance into the 
tegmentum and involved a few of the 
most medial fibers of the medial 
lemnisci. Axis cylinders, neurons, and 
blood vessels were affected only in the 
central cavitated area. The total 
extent of the lesion was variable and 
in two patients, did not produce a 
distinct clinical picture. The two 
patients with the largest lesions were 
alcoholics of long standing and had 
malnutrition of varying severity. One 
patient was admitted with pneumonia 
and delirium tremens and the other 
patient, because of a confused state. 
In both patients, the preexisting 
diseases improved when the clinical 
picture of CPM, including flaccid 
quadriplegia, weakness of the face 
and tongue, with inability to swallow 
and speak, and some sensory changes 
developed. Both patients died from 
respiratory failure. l 

In 1963, Berry and Olszewski? 
reported a patient in whom CPM 
without evidence of recent alcoholism 
or other debilitating diseases devel- 
oped. Subsequently, CPM has been 
reported in association with liver 
disease, Wilson disease, severe burns, 
amyloidosis, and cerebral trauma.*° 
Cole et al® pointed out the association 


of CPM with pellagra encephalopathy 
and Wernicke-Korsakoff disease. Pos- 
er’ drew attention to the fact that the 
pathological changes are very similar 
to those seen in Marchiafava-Bignami 
disease. CPM has been reported in 
children and adolescents.*:*’ While it 
occurs at all ages, peak incidence is in 
the late middle age group. The lesion 
is infrequently observed in black 
patients.**'° By 1972, approximately 
100 cases of CPM had been reported in 
the literature and in only two 
instances was the disease suspected ` 
prior to death.: 

As suggested in the literature, the 
diagnosis of CPM is almost exclu- 
sively a postmortem diagnosis, and in 
the two instances in which the disease 
was suspected antemortem, both pa- 
tients died. Recently, we had the 
opportunity to observe two patients in 
whom the clinical picture of CPM 
developed. Both patients survived. 
Even though we have no pathological 
verification that these two patients 
suffered from CPM, their clinical 
picture was quite characteristic, and 
their time course of recovery is 
compatible with at least partial pon- 
tine remyelination. A third patient, 
while improving neurologically, died 
from cardiac arrest. We believe that 
in patients with sufficiently large 
lesions, the clinical picture can be 
recognized and patients should be 


Central Pontine Myelinolysis—Wiederholt et al 


supported by all means available 
because they can make a remarkable 
recovery as demonstrated in two of 
our patients. 


REPORT OF CASES 


Case 1.—A 51-year-old chronic alcoholic 
man was admitted on June 23, 1975, 
because of difficulty standing and walking. 
The patient had some difficulty walking 
for about ten years. Several weeks before 
admission, he experienced numbness and 
tingling in his feet and fingers, and two 
days prior to admission, he was unable to 
get out of bed. The patient appeared 
eachetic. His vital signs were as follows: 
temperature, 36.5C; supine blood pressure, 
110/85 mm Hg, with a pulse rate of 98/min; 
and sitting blood pressure, 70/60 mm Hg, 
with a pulse rate of 126/min. He was 
confused as to time and place; was not up- 
to-date on current events, and performed 
slowly and poorly on all mental tasks. 
Findings of the cranial nerve examination 
were normal. All muscles appeared slightly 
wasted, and there was prominent weak- 
ness of proximal muscles in the upper and 
lower extremities. Distal muscles were 
only minimally weak. Pain, touch, and 
vibratory perceptions were moderately 
decreased in both feet. Muscle stretch 
reflexes were brisk and equal but absent at 
the ankles. On plantar stimulation, toes 
showed plantar flexion. He was unable to 
stand. Initial laboratory studies showed a 
serum potassium value of 3.0 mEq/liter, a 
serum magnesium level of 1.7 mg/100 ml, a 
serum transaminase value of 60 units, and 
a total protein content of 4.4 gm. During 
the next two weeks, anemia that was 
thought to be secondary to alcoholic liver 
disease and hemolysis developed. During 
this time, there was no deterioration of the 
patient’s neurological status and if any- 
thing, he appeared stronger. 

Two and one half weeks after admission, 
the patient’s condition began to deterio- 
rate. On July 15, 1975, he was lethargic but 
could be aroused and appeared to under- 
stand. He had severe weakness of all 
muscles of the face, tongue, and palate, and 
was unable to lift his head, arms, or legs. 
Findings of the sensory examination were 
unchanged. Muscle stretch reflexes had 
become hyperactive, including the jaw 
jerk, but ankle reflexes remained absent. 
On plantar stimulation, toes were extensor. 
During the next five days, the patient’s 
condition deteriorated further and he 
lacked all movements, except for normal 
eye movements in all directions. Muscle 
stretch reflexes remained hyperactive, and 
toes persisted in extension with plantar 
stimulation. A few days later, the patient 
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was unable to move his eyes laterally, but 
vertical eye movements remained intact. 
The patient communicated appropriately 
with vertical eye movements and indicated 
that he saw double, had lost vibratory 
perception and position sense in all four 
extremities, and could not feel a painful 
stimulus in the face. During the next three 
weeks, the patient’s neurological condition 
remained unchanged, and he was fed by 
nasogastric tube. He had four episodes of 
pneumonia and was vigorously treated 
with antibiotics and supportive therapy. 
Shortly after his last bout of pneumonia 
was under control, a flicker of movement 
was observed in the little finger on the left 
hand. From this time on, he gradually 
improved. Four weeks later, he was trans- 
ferred to a rehabilitation facility and pres- 
ently is living by himself. 

The patient was last examined on Dec 18, 
1975, six months after his initial hospital 
admission. He complained of some diffi- 
culty handling liquids, but he had no prob- 
lems with swallowing solid foods. He was 
well oriented, and his mental status was 
commensurate with his educational and 
social background. Examination of the 
cranial nerves showed minimal bilateral 
lower facial, palatal, and tongue weakness. 
Eye movements were normal. Jaw reflex 
was hyperactive, and the patient had 
pouting, sucking, and glabellar reflexes. 
Examination of the arms showed minimal 
weakness of the interossei and finger 
extensors and moderate weakness of the 
triceps and external rotators of the shoul- 
ders bilaterally. In the lower extremities, 
the patient had moderate weakness of 
iliopsoas, hamstring, gluteal, anterior tib- 
ial, peronei, and toe extensors and minimal 
weakness of quadriceps and gastrocnem- 
ius-soleus muscles. Findings of the sensory 
examination of the upper extremities were 
normal. Touch and pain perception were 
moderately decreased in both feet, and 
vibratory perception was minimally de- 
creased. Muscle stretch reflexes in the 
arms and legs were hyperactive, but 
symmetric and ankle reflexes were absent. 
The toes were downgoing on plantar stim- 
ulation. Station and gait were slightly 
broad-based, and he made an occasional 
lurching movement when walking. Fifteen 
months after his initial admission, he indi- 
cated in a letter from his new residence 
that he was doing well. 

Case 2.—This 48-year-old chronic alco- 
holic man was admitted on Sept 2, 1975, 
because of two weeks of severe epigastric 
pain, nausea, and vomiting. Past history 
included a left radical neck operation and 
left partial glossectomy, performed in 1971 
for squamous cell carcinoma of the floor of 
the mouth. He was previously admitted in 
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1972 with alcoholic withdrawal seizures. 
Neurological findings consisted of halluci- 
nations, confusion, poor memory, general- 
ized tremulousness, horizontal gaze nys- 
tagmus, hyperactive muscle stretch re- 
flexes, bilateral ankle clonus, and extensor 
plantar responses. His strength was intact. 
Vibratory perception and joint position 
sense were diminished in his feet. Skull 
x-ray films, a brain scan, and EEG were 
normal. He gradually improved and was 
not seen in follow-up observations until the 
1975 admission. 

Neurological examination on Sept 2, 
1975, showed moderately hyperactive mus- 
cle stretch reflexes, extensor responses on 
plantar stimulation, and diminished vibra- 
tory and joint position senses in the feet. 
He was cachetic, febrile 38.8C, and jaun- 
diced, and a tender, enlarged liver was 
present. Initial laboratory studies showed a 
total bilirubin value of 7.8 mg/100 ml, an 
alkaline phosphatase level of 404 units, a 
serum transaminase concentration of 90 
units, and a prothrombin time of 2.8 
seconds prolonged. A percutaneous liver 
biopsy specimen demonstrated portal fi- 
brosis and mild cholestasis. He received 
multivitamin treatment, including at least 
100 mg of thiamine daily from the time of 
admission, and his alcoholic hepatitis 
improved over the first nine days. On the 
ninth hospital day, diplopia, weakness, and 
gait instability developed. During the next 
four days, he became progressively dys- 
arthric, dysphagic, and quadriparetic. 
There was prominent horizontal and verti- 
cal nystagmus, diplopia in all fields of gaze, 
diminished corneal reflexes, and dimin- 
ished appreciation of pinprick on the face. 
Strength in the upper extremities was 
mildly reduced, particularly in the extensor 
muscles. The lower extremities were mod- 
erately weak, especially the iliopsoas and 
anterior tibial muscles. He was unable to 
arise from his bed without assistance. 
There was moderate truncal instability on 
attempts to stand and walk. Muscle stretch 
reflexes and the jaw jerk were hyperactive. 
A Babinski sign was present bilaterally. 
The diminished sensation in his lower 
extremities was unchanged. The isotope 
brain scan, EEG, serum B” value, CSF, 
electromyography, and nerve conduction 
velocities were all normal. Over the next 
two weeks, his dysarthria, dysphagia, 
diplopia, and quadriparesis progressively 
improved. He was discharged in November 
1975, at which time he was independent in 
dressing, grooming, eating, and ambula- 
tion. 

On neurological follow-up observation on 
Feb 11, 1976, and June 10, 1976, he 
mentioned that he walked about one mile 
per day but stumbled easily and was unable 
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to correct promptly when he lost his 
balance. He was mentally alert and his 
fund of knowledge was commensurate 
with his limited education. Mild nystagmus 
on horizontal but -not vertical gaze and 
intermittent unsustained diplopia on ini- 
tial change of gaze were still present. 
Pinprick sensation was mildly diminished 
on the left side of his face. The upper 
extremities were mildly weak, and the 
lower extremities were slightly weaker. He 
could walk on his toes but not on his heels. 
His gait was mildly unsteady, but he could 
walk successively placing one foot in front 
of the other. Spontaneous extensor spasms 
were present in the legs. Muscle stretch 
reflexes in both upper and lower extremi- 
ties were hyperactive as was the jaw jerk. 
On plantar stimulation, both toes dorsi- 
flexed. Finger and foot tapping was 
performed irregularly. There was mild 
ataxia on the finger-to-nose maneuver, and 
bilateral ataxia was evident on sliding one 
heel along the opposite shin. Sensation was 
bilaterally diminished in the lower extrem- 
ities up to the midcalf level. 

Case 3.—A 59-year-old chronic alcoholic 
man was admitted to University Hospital 
on July 4, 1976, because of lethargy and 
difficulty walking. The patient had been 
observed in a local clinic for chronic atrial 
fibrillation, alcoholism, and intermittent 
gait problems. He had been drinking 
heavily during the preceding months and 
had ingested large amounts of water 
during the last three days. The patient was 
poorly nourished and lethargic. His tem- 
perature was 34.4 C, his blood pressure was 
100/60 mm Hg, and his pulse was irregular, 
with a rate of approximately 90/min. All of 
his verbal responses were slow, but he was 
oriented as to time, place, and person. His 
speech was very soft. Examination of the 
cranial nerves showed the pupillary size to 
be 3 mm in the right eye and 1 mm in the 
left eye. The smaller left pupil had been 
present since a shrapnel injury to his left 
eye in World War II. The findings of the 
remainder of the cranial nerve examina- 
tion were normal. Examination of the 
extremities showed mild proximal weak- 
ness of the arms and legs and minimal 
decrease of pain, touch, and vibratory 
perceptions in both feet. Muscle stretch 
reflexes were brisk and equal, and on 
plantar stimulation, toes were upgoing. He 
walked with a broad base and shuffled. The 
only significant laboratory abnormalities 
on admission were the following values: 
serum sodium, 119 mEq/liter; serum potas- 
sium, 2.0 mEq/liter; and chlorides, 76 mEq/ 
liter. With appropriate treatment, the 
patient’s electrolyte level became normal 
within 48 hours and he became normother- 
mic. As the patient achieved electrolyte 
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Whole-mount pontine preparation. Extensive loss of myelin staining is present, involving 
entire basis pontis, with sparing of peripheral rim and few central areas (Luxol fast blue, 
x 5). 


balance, he became much more alert. 
Subsequently, computerized axial tomog- 
raphy of the head showed slight ventricular 
enlargement and minimal cortical atrophy. 
An EEG showed a moderate, nonspecific 
generalized abnormality. Findings of the 
CSF examination were normal. 

Approximately one week after admis- 
sion, the patient’s strength diminished, 
and he was unable to sit, stand, or walk. At 
about the same time, a fever and cough 
productive of purulent sputum developed. 
Chest x-ray film showed bilateral upper- 
lobe pneumonia. Within a few days, he 
became hypoxic and required tracheostomy 
for proper ventilation and suctioning. 
After vigorous treatment in an intensive 
care unit for two weeks, his temperature 
returned to normal, and except for old 
apical changes, his chest x-ray film cleared. 
At this time, he was unable to raise his 
head from the pillow or his arms or legs 
against gravity. Two weeks after the 
patient was transferred from the intensive 
care unit to an open ward, he still had 
decreased facial movements but was now 
able to move all extremities against grav- 
ity. His muscle stretch reflexes remained 
brisk and equal and a Babinski sign was 
still present bilaterally. His strength had 
sufficiently improved that transfer to a 
rehabilitation unit was contemplated. On 
Aug 16, 1976, cardiorespiratory arrest 
developed and resusitation efforts were 
unsuccessful. 


COMMENT 


Three chronic alcoholics ranging in 


age from 48 to 59 years were diag- 
nosed as having CPM. Two patients 
survived while the third, unfortunate- 
ly, died from cardiorespiratory arrest 
at a time when his neurological deficit 
was much improved. Central pontine 
myelinolysis is a postmortem diag- 
nosis and has been suspected before 
death in only a few patients.'''* While 
it is generally assumed that all 
patients with CPM progressively 
worsen and die, our three patients 
demonstrated that this is not neces- 
sarily the case, provided medical 
complications are treated successful- 
ly. 
In our three patients, the typical 
clinical picture of CPM, with facial 
weakness, quadriparesis, hyperreflex- 
ia, and upgoing toes, developed over a 
period of one to two weeks. In two of 
the patients, eye movement abnor- 
malities, with preservation of vertical 
gaze and sensory changes distinctly 
different from those associated with 
the preexisting alcoholic peripheral 
neuropathy developed. Consciousness 
and higher cerebral functions re- 
mained intact throughout the illness. 
The maximal neurological deficit per- 
sisted two to four weeks before 
recovery began. Improvement was 
gradual over a period of many months. 
The clinical features of our three 
patients are indicative of a lesion in 
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the basis pontis and ventral pontine 
tegmentum. 

Postmortem examination of the 
patient who died during his clinical 
recovery showed moderate ventricular 
dilation and marked softening of the 
central area of the pons. Histologic 
sections of the pons (Figure) showed 
gross demyelination, with some pre- 
servation of islands in the center, no 
evidence of remyelination, marked 
diminution of oligodendroglia, preser- 
vation of axis cylinders, many of 
which were swollen, preservation of 
neurons, and many debris-laden mac- 
rophages. These findings are typical 
of CPM, and it appears reasonable to 
assume that the other two patients 
who had identical clinical manifesta- 
tions suffered from the same illness. 

Further evidence that the two 
patients who did not die had pontine 
involvement is provided by serial 
brain stem auditory evoked potential 
studies. Details of these studies have 
been published elsewhere by Stockard 
et al. In scalp recordings of the 
human auditory evoked potential, six 
to seven low voltage deflections 
precede the primary cortical potential. 
These positive waves are thought to 
be far field reflections of sequential 
electrical events in the auditory path- 
ways from the cochlea to -the thala- 
mus. Experimental evidence suggests 
that wave I originates in the acoustic 
nerve, wave I] in the cochlear nuclei at 
the pontomedullary junction, and 
wave V in the midbrain in and around 
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the inferior colliculi. Latency between 


wave I and wave II was normal in 
both patients. Since waves I and V are 
most easily identified, we used the 
latency between these two waves as a 
measure of conduction time through 
pontine structures. In the first pa- 
tient, auditory evoked potentials were 
recorded as quadriparesis developed, 
and latency between waves I and V 
was 4.2 msec, which is at the upper 
border of normal. At the peak of the 
patient’s illness, latency between 
waves I and V was 7.0 msec. In the 
second patient, latency ‘between 
waves I and V was 8.4 msec at the 
peak of his illness. In both patients 
this prolonged latency returned to 
normal during a six- to twelve-week 
period in parallel with the clinical 


. Improvement. Auditory tracts and 


nuclei of the caudal and midpons, 
including the trapezoid body, superior 
olives, and lateral lemnisci are sit- 
uated ventrally in the tegmentum 
adjacent to the basis pontis. We 
assume that the delay conduction 
through these pathways was second- 
ary to either edema or demyelination 


or both. This conclusion is supported 


by the observation by Adams et ab 
that demyelination in CPM may 
extend dorsally into the ventral por- 
tion of the pontine tegmentum. 

_ Lampert and Cressman" observed 
in rats that 52 days after spinal cord 
sectioning, myelin sheaths were col- 


lapsed and folded but were otherwise — 


intact. McCaman and Robins" found 
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Evoked Potential i in N eglect 


Robert T. Watson, MD; Bayard D. Miller, MD; Kenneth M. Heilman, MD 


® The evoked potential was studied in 
Macaca speciosa before and after they 
received a lesion inducing neglect. Signif- 
icant evoked potential changes asso- 
clated with negiect were seen only in late 
components (N., P,). These observations 
support the hypothesis of the arousal- 
attention mechanism of neglect. 

(Arch Neurol 34:224-227, 1977) 


he mechanism or mechanisms 

underlying the defective-orient- 
ing ~response seen with unilateral 
neglect remains controversial. Since 
neglect is classically induced by parie- 
tal lobe abnormality, Battersby et ab 
hypothesized that sensory defects un- 
derlie this phenomenon. Further sup- 
port for defective sensory input was 
provided by Sprague and associates,? 
who interrupted ascending sensory 
pathways in the lateral mesencepha- 
lon, and by Hidelberg and Schwartz,‘ 
who correlated the induction of ne- 
glect with lesions ablating various 
sensory pathways. 

Early investigators** ouzi of 
neglect as an attentional disorder. 
Recently, Heilman and Valenstein™ 
and Watson et al'''? proposed an 
arousal-attention mechanism of ne- 
glect, suggested that it is induced by 
dysfunction of a corticolimbic retic- 
ular. loop, and provided anatomic 
support for their hypothesis. Several 
studies have demonstrated electroen- 
cephalogram slowing associated with 
neglect but have not provided 
evidence specifically supporting el- 
ther the sensory or the arousal-atten- 
tion hypothesis. There is evidence that 
the early components of the evoked 
potential represent sensory conduc- 
tion and registration, whereas the late 
- components represent arousal-atten- 
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tion activities.» The purpose of the 
present study was to evaluate the 
evoked potential in a group of 
monkeys before and after they 
received a lesion inducing neglect and 
to search for possible correlations 
between the clinical syndrome and 
alteration of specific evoked potential 
components. 


MATERIALS AND METHODS 


A total. of four lesions were made in 
three adult Macaca speciosa that weighed 
between 4 and 8 kg and were fed a diet of 
commercially prepared food for monkeys 
and fruit supplements. One monkey had 
been part of a previous project and had 
received a right centromedian nucleus 


lesion 14 months before but had demon- ` 


strated no clinical abnormalities for the 20 
months preceding the present study. The 
others were naive. Each animal initially 
underwent placement of stainless steel 
screw electrodes through the skull and 
resting on the dura. Electrodes were placed 
over each hemisphere about 15 mra lateral 
to the midline over the anterior parietal 
cortex. 


During each testing session, a square- ’ 


wave stimulus of 0.15 msec duration and 
sufficient intensity to produce a minimal 
foot dorsiflexion was used. This wes deliv- 
ered at a rate of 1/sec by a stimulator (rise 
and fall time, 5 psec) with a stimulus 
isolation unit and a constant current unit 
(< 5% variation) through platinum needle 
electrodes placed over the peroneal nerve. 
The rate of stimulation was selected after 
determining that there was no overlap 


between late and early components of the — 


evoked potential with repetitive stimuli. 
Evoked potentials were elicited over ipsi- 
lateral and contralateral hemispheres, with 


stimuli ‘presented independently to each 


leg. An average of the cortical responses to 
64 consecutive stimuli was produced by a 
signal averager system and preamplifier 
(set with a 0.5 amp low frequency of 0.1 cps 
and a 0.5 amp high frequency of 30 ke, 
yielding a flat-frequency response curve 
from 0.8 to 8,000 cps) and displayed on a 
oscilloscope. Permanent records were 
made, and data were measured from photo- 
graphs of the oscilloscope display. | 

After the evoked potential was recorded 
for seven consecutive days, a unilateral 
frontal arcuate lesion was made by subpial 


suction through a frontal craniotomy flap 
under thiopental sodium anesthesia. Care 
was taken to preserve all vessels except 
those directly within the lesion and to limit 
the extent of the lesion to the gray matter 
of the anterior and posterior banks of the 
arcuate sulcus. 

Three independent observers postopera- 
tively evaluated each animal daily for 
seven days for evidence of neglect, and 
evoked potentials were recorded. The 
animals, were subsequently killed under 
thiopental sodium anesthesia by 387% 
formaldehyde perfusion through the left 
ventricle, and histologic confirmation of 
lesion placement and extent was ob- 
tained. . 


RESULTS 
- Behavioral 


Postoperatively, these animals each 
exhibited, to various degrees, the 
behavioral phenomena typical of ne- 
glect in monkeys." The animals would 
sit in a rear corner of the cage, with 
their side contralateral to the lesion 
toward the front of the cage. On occa- 
sion, monkeys would rotate slowly 
toward the side of the lesion. While 
ambulating, an animal would turn its 
head and shoulders toward the side of 
the lesion, presenting the neglected 
side to the direction of ambulation 
and often colliding with objects in its 
path. 

All animals showed asymmetrical 
orienting responses to visual and 
tactile stimuli as well as a disinclina- 
tion to use their extremities contralat- 
eral to the lesion, in spite of excellent 
strength and apparently norma! coor- 
dination. Visual neglect was manifest 
grossly by decreased-to-absent startle 
and orienting responses to threat. 
Asymmetry could also be elicited by 
presenting a food stimulus from each 
side and carrying it across the 
monkeys’ visual fields. From the side 
contralateral to the lesion, the animals 
would not react to the food until it 


“approached the. midline and would 


then vigorously attempt to grab it 
until it was removed from the ipsilat- 
eral field. With presentations begin- 


ning on the side of the lesion, 
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Tabie 1.~—Means and Standard Errors of Amplitude and Latency of the. Major Wave Forms and Analysis of Variance 
Comparing Hemispheres Preoperatively and Postoperatively in Macaca speciosa 


Varlable 
P,, msec 


Normal Side 


Preoperative 
6.083 + .299 


13.083 + .362 '’ 


20.417 + .466 
63.208 + 1.215 
99.500 + 2.758 
41.917 + 8.371 
39.417 + 4.769 
65.958 + 8.401 


Postoperative 
6.348 + .305 
13.739 + .370 
20.478 + .476 
63.478 + 1.241 
100.522 + 2.817 
36.304 + 8.551 
31.348 + 4.872 
103.956 + 8.581 


Lesioned Hemisphere 


Preoperative 


| 5.964 + .276 


11.929 + .335 
21.679 + .432 
55.179 + 1.125 
82.714 + 2.553 
94.464 + 7.750 
29.393 + 4.415 
81.214 + 7.777 


Postoperative 


59.167 + 1.215 
97.333 + 2.758 
44.542 + 8.371 
21.792 + 4.769 
81.125 + 8.401 


k 


F Statistic tor 
Interactions 


P (df = 4,60) 


122.833 + 7.486 
105.833 + 5.776 


127.956 + 7.647 
95.956 + 5.901 


130.429 + 6.931 
81.393 + 5.348 
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Fig 1.~Appearance of somatosensory 

evoked potential (P,, N, Pa N, P,) in E 

subject preoperatively. General configura- 90 Ea 90 
tion of these wave forms was consistent _ 

and unchanged postoperatively. 





however, orientation and efforts to 
reach the food began immediately but 
would greatly decrease or even vanish 
as the item passed the midline into the | 
contralateral field. | 70 
Tactile stimulation on the side of 
the lesion invariably elicited a with- 
drawal response. Attempts to grasp 
the animal on the side of the lesion 60 
were met with vigorous avoidance or 
even aggressive action. On the side © 
contralateral to the lesion, tactile l 
stimuli produced no response. The ~ 50 
animal could even be held suspended : 
by its neglected side, exhibiting a oJ 
curious air of indifference. 
Decreased-to-absent response to au- 
ditory stimuli from the contralateral 
side was less marked than were the 
visual and tactile asymmetries and 
appeared in those animals with more. 
prominent impairments in these mod- 
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Fig 2.-Comparison of preoperative (pre) and postoperative (post) changes ‘in 
latency (msec) and amplitude (pV) between lesioned (neglect) and nonlesioned 
(control) hemispheres for late evoked potential components (N., P,). Preoperative 
change is mean of seven consecutive days of recording in all subjects and 
postoperative change is mean of seven consecutive days of recording after lesion 
inducing neglect. No significant alterations were seen in early evoked potential! 


alities. 
: l components (P,, N Ajia 
‘All animals were carefully evalu- Bayt cop y 
ated for changes in muscle tone, AE n EN 
` È y N ; 
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Table 2.—The Relationship of Neglect and Early Somatosensory Evoked 
Potentials l 


Lesion 


Sensory Pathways j 
Dorsal rhizotomy 


Dorsal column—medial lemniscus 

Lateral lemniscus—neospinothalamic 

Dorsal column—medial lemniscus 
with lateral lemniscus— 
neospinothalamic 

Primary sensory cortex 

Outside Primary Sensory Pathways 
Parietal association cortex 


Frontal arcuate 


Altered Early 
. Neglect Evoked Potential 
Deafferented Yes 
Absent No 
Present No 
Deafferented Yes 
Altered sensation Yes 
Present - No 
Present ` No 





evidence of weakness, or loss of fine 


motor control, which might have . 


impaired motor function, but none 
was found. Frequently, resistance to 
passive movement of the extremities 
contralateral to the lesion was mildly 
decreased. The monkeys all greatly 
preferred to use the extremities ipsi- 
lateral to the lesion for all unilateral 
tasks, with the contralateral limbs 
usually hanging at their side. If vigor- 
ously stimulated to use their contra- 
lateral side, the monkeys displayed 
symmetrical strength and coordina- 
tion. In tasks requiring. use of both 
sides (eg, climbing or ambulating), 
they showed no side preference or 
dependence. 

The time course of the development 
and resolution of neglect was fairly 
constant. Mild-to-moderate deficits, 
usually most prominent in responses 
to visual and tactile stimuli.and in lack 
of use of the involved side, were 
‚apparent on the first postoperative 
day. During the second and third days, 
more severe asymmetrical auditory, 
- general orientation, and postural ab- 
normalities appeared. Maximal abnor- 
malities generally occurred during the 
-third and fourth postoperative days 
and gradually resolved during the 7th 
through the 14th days. 


Electrophysiological 


' Figure 1 shows the form of evoked 
responses. The means and standard 
error measures for the latencies and 
amplitudes of each of the major waves 
(P, N,, Pa N., P,) are presented in 
Table 1. A four-factor, nested design 
analysis of variance. was used to 
analyze the data. The factors were as 
follows: “side” (neglected side or 
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normal side), “condition” (preopera- 
tive or postoperative), “day” (one 
through seven), and “lesions” (one 
through four). The factors side, condi- 
tion, and day are all nested within the 
factor lesions. Since the evoked poten- 
tials recorded preoperatively from the 


. two hemispheres were not identical, 


postoperative comparison of the 
evoked potentials recorded from the 
lesioned side to the evoked potential 
recorded from the nonlesioned side 
cannot be made. However, changes 
between the two sides were sought. In 
this analysis, an interaction between 
the factors condition and side indi- 
cates that the change from the pre- 
operative condition to the postop- 
erative condition is different on the 
neglected side than it is on the normal 
(control) side. A significant (P < .01) 
interaction was found only for an 
increased latency of N, (F = 7.46; df, 
4,60; P < .0002) and P, (F = 4.31; df, 
4,60; P < .0048) and increased ampli- 
tude of P, (F = 4.70; df, 4,60; 
P < .0026) for the neglect compared 
with the normal hemispheres (Fig 2). 


COMMENT 


The somatosensory evoked poten- 
tial was used in this study to clarify 
further the mechanism of neglect. The 
evoked potential is a macropctential 
time locked to a sensory stimulus and 
recorded cortically or by scalp leads. 
Averaging techniques distinguish the 
evoked potential from nonevoked elec- 
trical activity. The early evoked 
potential components are thought to 
be an electrical representation of 
specific sensory conduction, whereas 
later components may reflect more 
nonspecific arousal, alerting, or atten- 


tional neural activities." b 
Since individual components of the 
evoked potential purportedly are elec- 
trophysiologie correlates of the two 
major theories of neglect (ie, early 
components—sensory conduction; late 
components—arousal, attention), it 
seemed appropriate to study the 
effect of a lesion inducing neglect on 
various components of the somatosen- . 
sory evoked potential. No previous 
studies have been designed to eval- 
uate the evoked potential in negleet in 
unanesthetized animals. However, 
other types of evoked potential stud- 
ies reported in the literature provide 
useful guides in helping to determine 
the relationship between sensory in- 
put, neglect, and the evoked poten- 

tial. 

In studies of the effects: of deaffer- 
enting lesions, a dorsal rhizotomy has 
been shown to eliminate the evoked 
potential ‘in monkeys stimulated in 
the appropriate peripheral nerves.” 
These subjects, of -course, do not 
respond to somatosensory stimuli. The 
somatosensory evoked potentials, es- 
pecially their early components, are 
also disrupted by combined lesions of 
the dorsal funiculus and lateral lem- 
niscus-neospinothalamie tract’; this 
would closely simulate a dorsal rhizot- 
omy. The dorsal funicular lesion did 
not produce extinction in monkeys,* 
and lesions of the dorsal funiculi did 
not alter the first 100 msec of the 
evoked potential in monkeys.” In 
man, however, posterior column dis- 
ease did . alter the somatosensory 
evoked potential.'’ Lesions of the - 
lateral lemniscus-neospinothalamic 
tract at the mesencephalon in mon- 
keys did not alter the first 100 msec of 
the evoked potential," but this lesion 
induced extinction.’ Finally, lesions of 
parietal primary sensory cortex abol- 
ished the evoked potential” and ` 
induced a defect of the orienting 
response to somesthetie stimuli, but 
no evidence of trimodal neglect was’ 


. reported. 


The -effect of lesions outside of 
primary sensory pathways inducing 
neglect and their effect on the evoked 


‘potential are also important. The 


classic inferior parietal lobule lesions 
in man™ and monkeys are the proto- 


typic lesions inducing trimodal ne- 


Evoked Potential—Watson et al 


1 ` 


glect.+2 This inferior parietal lobule 
lesion did not affect the early somato- 
sensory evoked potential. The early 
somatosensory evoked potential in 
humans with extinction has also been 
shown to be normal.” Halliday” com- 
mented on this intuitively disrupting 
finding “...which leaves the evoked 
response to the unperceived stimulus 
unchanged.” The present study dem- 
onstrates that frontal lesions inducing 
neglect also do not alter the early 
components of the somatosensory 
evoked potential. 

We can summarize the preceding 
data that relate sensory input, ne- 
glect, and evoked potential by stating 
that totally deafferented subjects (eg, 
those who have undergone a rhizot- 
omy) will have disruption of the 
evoked potential and will not orient to 
a somesthetic stimulus; but they will 
not demonstrate ‘multimodal neglect. 
The loss of primary sensory cortex 
will also cause a disruption of the 
evoked potential as well as induce a 
modality-specific defect in. orienting 
to the appropriate stimulus. Selective 
lesions of sensory tracts in two groups 
of animals produce a dissociation: the 
dorsal column-medial lemniscus group 
showed no neglect or altered early 
evoked potential, whereas the. mesen- 
cephalic lateral Jemniscus-neospino- 
thalamic group showed neglect but, 
again, no alteration in the early 
components of evoked potential. The 
conclusion of Hidelberg and Schwartz: 
on the production of neglect was that 


the lateral lemniscus-neospinothal- . 


amic tract carried more sensory infor- 
mation and that extinction resulted 
from a loss of sensory input. Interest- 
ingly, this latter group showed no 
alteration in early evoked potential, 
suggesting no major alteration of 
sensory input to the cortex. The defect. 
in the orienting response that was 
produced by a lateral lemniscus-neo- 
spinothalamic. lesion may have re- 
flected loss of reticular driving from 
spinothalamic input.'' Inferior parie- 


tal lobule or frontal lesions induce- 


neglect but again do not alter the 
early evoked potential. 

It is clear from these data that if a 
subject is deafferented or without 
primary sensory cortex, he will have 
lost his sensory input and evoked 


-~ 
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potential. Lesions inducing neglect in 
the classic sense do so without altering 
the early evoked potential. These data 
are summarized in Table 2 and show 
that neglect-is not dependent on loss 
of primary sensory input. 

In the. present. study latency or 
amplitude of early components did not 
change; however, the latency of N, 
and P, increased and the amplitude of 
P; increased. These latter components 
of the evoked potential (N,, P,, etc) are 
of wider cortical distribution and are 
related to arousal or attention.» These 
are the latest components consistently 
seen in somatosensory evoked poten- 
tials in monkeys; it is unclear whether 
they have the same significance as 


_ late components in the evoked poten- 


tials of humans. In addition, these late 
components and their relationship to 
attentional processes in man have 
remained controversial. 
Controversy also exists about 
whether the amplitude of. the evoked 
potential increases or decreases with 
increased attention.” Most reported 
studies have indicated an increase in 
evoked potential amplitude with in- 
creased attention, although there have 
been exceptions.” Our study showed 


an increased amplitude of P, accompa- - 


nying a syndrome postulated as 


. secondary to decreased attention. Per- 


haps the increased evoked potential 
amplitude is related to the higher 
voltage and greater synchrony of the 
background EEG.» There is ample 
evidence that ipsilateral hemispheric, 
high-voltage, synchronous slow-wave 
activity accompanies neglect in ani- 
mals??? and in man. Although ‘this 
may be the explanation for our 
findings, it remains speculative. Nev- 
ertheless, the selective alteration of 
late evoked potential components is 
evidence against a sensory mecha- 
nism of neglect and favors an atten- 
tional deficit. 


This research was supported by the Medical 
Research Service of the Veterans Administra- 
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The Clinical Picture 
and Plasma Levodopa Metabolite Profile | 


of Parkinsonian Nonresponders | 


Treatment With Levodopa and Decarboxylase Inhibitor 


Leonor Rivera-Calimlim, MD; Deepak Tandon, MD; Frank Anderson, MD; Robert Joynt, MD, PhD 


' @ Three parkinsonian patients who 
were nonresponders to levodopa treat- 
ment did not improve when shifted to 
levodopa-decarboxylase inhibitor combi- 
nation but, instead, experienced involun- 
tary movements. Their plasma levodopa 
and metabolite profiles showed unusually 
high baseline 3-0-methyldopa concentra- 
tions that further increased significantly 
during the decarboxylase inhibitor regi- 
men. All patients had 3-0-methyidopa to 


Ithough levodopa is useful in the 
treatment of Parkinson disease, 
30% of patients do not improve on this 
therapy. These therapeutic failures 
may be due to drug intolerance, inad- 
equate plasma levels of levodopa (due, 
eg, to poor absorption or increased 
drug metabolism), or an inadequate 
response, despite therapeutic plasma 
levels. 
Mones’ suspected poor receptor sen- 
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levodopa ratios greater than 1, even-two 
hours after therapy. Patients who are 


.responders to . levodopa-cdecarboxylase 


inhibitor combination or to levodopa 
alone had 3-0-methyldopa to levodopa 


_ ratios of less than 1. We discuss the role 


of 3-0-methyldopa as a metabolite and the 
significance of the 3-0-methy!ldopa to 
levodopa ratio as a predictor of patients’ 
response to levodopa. 

(Arch Neurol 34:228-232, 1977) 


sitivity in six patients who failed 
either to improve or to manifest 
adverse effects, despite high plasma 
levels of levodopa. Rivera-Calimlim et 
al? demonstrated, by measurements of 
plasma and gastric levels of levodopa, 
that parkinsonian patients with slow 
gastric emptying had lower plasma 


levels of *C-L-dopa when compared to 


patients with rapid gastric emptying. 
They also identified slow gastric 
emptying in one levodopa “failure” 
who could not achieve adequate plas- 
ma levels. When gastric emptying was 
Increased by gastric alxalinization, 
adequate plasma levels were achieved 
and the patient improved." - 

The combination of a peripheral 
decarboxylase inhibitor and levodopa 
results in adequate plasma levels with 
50% or less of the usual levodopa dose, 


thus minimizing the problem of drug 
intolerance.*-* 

The present study reports on the 
plasma metabolic profile of three 
patients who failed to respond to 
either levodopa therapy or the combi- 
nation of levodopa and a peripheral 
dopa decarboxylase inhibitor, carbi- 
dopa. 


PATIENTS AND METHODS 


. Three patients with Parkinson disease, 
two men and one. woman, aged 64, 41, and 
60 years, respectively, were classified as 
levodopa failures when they did not 
improve at a daily dosage of 4 gm or more 
of levodopa for the six months immediately 
preceding the study. Parkinson disease in: 
these patients was diagnosed ona clinical 
basis, and the duration of the illness was 
approximately five years in all patients. 

On day 1, after signing an informed 
consent, each patient underwent. the fol- 
lowing baseline studies: (1) clinical mea- 
surement of neurological signs and symp- 
toms and disability scoring by the North- 
western University Disability Seale; (2) 
determination of plasma levodopa and 
metabolite levels (3-0-methyldopa, norepi- 
nephrine, epinephrine, and dopamine) at 
zero, one, two,-and five hours after an oral 
dose of levodopa; (3) hematologic examina- 
tiens, including complete blood cell differ- 
ential cell, and platelet counts; (4) blood 
chemistry studies including, glucose-6- 
phosphate dehydrogenase, cholesterol, to- . 


Plasma Levodopa Metabolite Profile—Rivera-Calimlim et al 


Table 2.—Symptoms of Patients Given Levodopa Treatment Before and After 
: Carbidopa Administration* 


Table 1.—Clinical Profile of. 
Patients Given Levodopa 
Treatment Before and After 


Carbidopa Patient 7 Patient 2 Patient 3 
Oey eee 
Before * Before, Before . 
Carbi- . Carbi- Carbl- 


‘dopa dopa dopa 


Patient Patient 


Patient 


After 
‘Carbidopa 


After 
Carbidopa 


After 

Carbidopa | 

Age, yr ma 
Sex 

Duration of 

iness, yr 

Duration of 


Sec- Sec- Sec- 
ond Fourth ond Fourth ~ ond Fourth 
Week Week Week Week Week Week 


Rigidity ` It it ee ee ee ee TF Gr Ae 2A 


levodopa 
treatment 
prior to 
study, mo 
Dose of levo- 
dopa, gm 





tal bilirubin, total protein, albumin, creati- 
nine, calcium, phosphate, SGOT, SGPT, 
lactic dehydrogenase, and creatine phos- 
phokinase; and (5) ECG studies. 

On day 2, patients were given 25 250-mg 
tablets of carbidopa and levodopa four 
times a day. The dose was adjusted upward 
or downward in increments of 12.5 125-mg 
tablets or 25 250-mg tablets per day as 
necessary up to a maximum 200-mg dose of 
carbidopa. Further increments for levo- 
. dopa alone were made with commercially 
available levodopa. Treatment was contin- 
_ued for one month. After the second and 
fourth weeks of treatment, measurements 
previously described were repeated. 

Clinical status was assessed by rating 
the following signs and symptoms on a 
scale of 0 (normal) to 4 (very severe): 
rigidity, tremor, bradykinesia, gait, pos- 


ture, postural stability, swallowing, sialor- . 


rhea, and seborrhea. The Northwestern 
Disability Scale measured walking, dress- 
ing, eating, feeding, hygiene, and speech 


on a scale of . (normal) to 10 (complete - 


disability). Chemical assays for plasma 
levodopa and metabolite levels were done 
by ion-exchange column chromatography 


(using a modified- technique of Bartholini - 


and Pletcher by Rivera-Calimlim et al?) 
and by the fluorometric technique of 
Laverty and Taylor.* Patients did not 
receive any other medication during the 
study. 


RESULTS 


Tables 1 and 2 show the clinical 
profile of the three patients during 
the study. With levodopa-carbidopa 
therapy, patients 1 and: 8 did not 
improve in their clinical symptoms. 
Patient 2 showed slight improvement 
but not enough to enable the patient 
to be reasonably functional. Doses 
could not be increased further because 
of the early and frequent occurrence 
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Tremor . 2+ 1+ 
Bradykinesia 2+ d+ 


2+- 2+ 14 -2+ - 1+ 1+ 
3+ 3+ 24+ 44+ ~4+4+ 4+ 


2 
Gait - 2+. 2+ B+ 34 2+ 2+ 34+. 34 3+ 


Posture 1+- t+ 1+ 
Swallowing - 1+ 1+ 0 


t+ 1+ 44+ 2+ 24 2+ 
0 -0 z 0 0 Tẹ 


Sialorrhea 2+ 1+ 1+ 2+ 1+ 2+ 2+ 2+ 


Seborrhea . t+ 1+ 1+ 
Walking - 4+ 4+ 44+ 


1+ T+ 1+ 1+ t+ t+ 
4+ 3+. 2+ >44+ >4+ >4+ 


-Dressing : 2+ 3+ 2+ 4+ -å+ 4+ >44+ >4+4+ >4+ 


- Eating 1+ 2+ t+ 
Feeding 2+ 3+ -2+ 


T+ T+ Tt 14 TH+ 2+ 
3+ 2+ 24+ 44+. 34 3+ 


Hygiene 14+ 14+ 3+4 >44+ 44 44+ 344+ >44 >4+ 


Speech Z + 3+ 2+ 
Total disability scores} ` 16 14 


4+ 34 2+ >4+ >44+ >4+ 
20 ° 17 21` 20 21 





*In patient 1, the adverse effect was involuntary head movements; patient 2, moderate muscle 


„cramps; patient 3, involuntary head movements (mild). 


Total disability score includes from item "walking" to “speech.” 


of involuntary movements in two 
patients and muscle cramps in one. No 
significant changes. were noted in the 
hematologic and blood chemistry stud- 
ies or in the ECG. The “on-off” 
phenomenon was observed more fre- 
quently in patients 1 and 3 than in 
patient 2. 

The metabolite profile is shown. in 
Table 3. Patient 1 achieved a baseline 
plasma levodopa level of 2.02 pg/ml 


-and a 3-0-methyldopa level of 7.78 ng/ 


ml, with a daily dosage of 6 gm of 
levodopa for six months. The patient 
experienced occasional mild involun- 
tary movement of the head. Two 
weeks after he was shifted to a daily 
dose of 3.5 gm of levodopa and 200 mg 
of carbidopa in combination, the base- 
line plasma levels ‘of levodopa and 3-0- 
methyldopa were 4.2 pg/ml and 3.02 
ug/ml, respectively. During this peri- 
od, the patient experienced daily in- 


‘voluntary head movements, and the 


disability score increased by four 
points. The dosage of levodopa was 
reduced from 3.5 gm/day to 2 gm/day, 


-with the same dose of 200 mg of 


carbidopa given in the last two weeks 
of the study. Baseline plasma levo- 
dopa levels dropped to 2.46 ug/ml, but 
the ratio of plasma level of levodopa to 


-with 15 gm of 


dose did not change. The significant 
change was the remarkable increase 
in the ratio of 3-0-methyldopa to dose 
of levodopa at the end of the treat- 
ment with decarboxylase inhibitor. 
The patient manifested the “on-off” 
phenomena. In patient 2, the plasma 
levels observed with daily doses of 5 
gm of levodopa were approximated 
levodopa when 
combined with carbidopa. Because of 
moderate muscle cramps, the daily 
dose of the combination was reduced 
to 1 gm in the last two weeks.of the 
study, after which the plasma level of 
levodopa dropped significantly, but 
the level of 3-0-methyldopa decreased 
only slightly: 

Patient 3 had a very low ami 
level of levodopa (0.8 ng/m l), despite a 
daily dosage of 4.7 gm of levodopa. 
When the combination was given at 
the maximum allowable dose (2 gm), 
the plasma level of levodopa, instead 
of increasing, was further reduced. 
The dose was not increased because of 
the appearance of involuntary head 
and foot movements. When the dose 
was reduced to 1.5 gm, the involuntary 
movements disappeared, but “on-off 
phenomena” developed. The plasma 
levodopa level diminished further, 
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Table 3.—Plasma Concentrations of Levodopa and 3-0-Methyldopa Without and With Decarboxylase Inhibitor (Carbidopa) 


Patient 1 Patlent 2 Patient 3 


paaa Aiea - 
_ Plasma. Plasma Plasma 
Concentration, Concentration, _ Concentration, 
pg/ml ` pg/ml pg/ml 


: À 
Levo- 3-0-Methyl- Levo- 3-0-Methyl- Levo- 3-0-Methyl- 
dopa dopa Dose . dopa - dopa dopa dopa 

Without carbidopa . l 

Baseline* 6 gm/day 5gm/day ” 1.50 4.7 gm/day 
One hour after dose 2 gm l 1-gm 1.20. 1 gm 
Two hours after dose Hasan ; St 140°: 


With carbidopa 
(second week) 
_ Baseline 3.5 gm/day 1.5 gm/day 1.43 . 2gm/day 


One hour after dose 0.875 gm 0.375 gm 1.70 0.5 gm 
Two hours after dose oer l me 1.30 ea 


With carbidopa 
(fourth week} ; 
Baseline 2.0 gm/day 0.1 gm 1.07 1.5 gm/day 


One hour after dose 0.500 gm ` 0.250 gm ; 4.21 0.375 gm , 
Two hours after dose o . ere 0.99 ane 





*Baseline plasma levels are taken ten hours-after the last evening dqse. 


Table 4.—Ratio of Plasma 3-0-Methyldopa Concentration to Dose and Ratio of Plasma 3-0-Methyldopa to Plasma Levodopa 
Concentrations With and Without Carbidopa Two Hours After Administration* 


Patient 1 4 7 Patient 2 Patient 3 
| 


: pr 
3-0-Methyl- 3-0-Methyidopa: . §-0-Methyl- 3-0-Methyldopa: _ 3-0-Methyl- 3-0-Methyldopa: 
Levodopa dopa: Dose Levodopa dopa: Dose - Levodopa - dopa: Dose Levodopa 


Without : : i 
Carbidopa 1.4 X 10° A 1.7 xX 107° 


With i ' 
Carbidopa 1.8 x 10-5 , 4.0 x 106 - 5.0 x 10°§ 


*Assays were made two hours after a single dose. The patients were treated with levodopa alone for six months and with levodopa and carbidopa for one 
month. 





Table 5.—Ratio of the Concentration of Metabolites to Dose of Levodopa 
With and Without Carbidopa One Hour After Administration 


a Patient 1 Patient 2 ` | | Patient 3 
Norepl- Epi- Norepl- ; Epi- Norepi- 
Dopamine Epinephrine nephrine Dopamine nephrine nephrine Dopamine nephrine nephrine 


Levodopa without 
' carbidopa 20 x 10-5 9 x 107° 4x 10° 20 x 107° 4 x 10° 1x10° 19 x 10° 8 x 10- 


Levodopa with , = 
carbidopa 4 x 10-" 18 x 107° 14 x 10°" 24 x 10° 27 x 10- 3 x 10-* 15 x 10° 6 x 107 





i 


Table 6.—Plasma Profile of Levodopa and 3-0-Methlydopa Concentrations 
Two Hours After One Dose of Carbidopa (Levodopa-Carbidopa Combination) 
a: s of Patients Who Are Responders to Treatment. 


Levodopa, 3-0-Methyldopa, 3-0-Methyldopa: 3-0-Methyidopa: 





ng/ml ng/mi Levodopa Dose 


2 2.00 - 0.97 | 0.48 ~ 0.9 x 107 
3 0.86 0.16 0.186 0.6 x 10°° 
4 1.30 0.53 0.40 2.0 x 10°° 
5 2.10 0.34 : 0.16 1.4 x 107° 
6 . 1.60 023 ~=—- 2.14- 0.9 x 107° 
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Levodopa, ng/ml 





(hr) 1 





— 2.0 0.2 


G 1.0 1.0 

1 2.0 2.0 32 . 07 
2 3.0 2.0 3.2 0.8 
3 3.0 1.0 4.2 0.7 
5 1.0 0.5 3.2 0.5 


Table 7.—Plasma Profile of Responders to Levodopa Alone* 


3-0-Methyidopa, ng/ml 
| meade’ 


Time Patient Patient Patient Patient Patient Patient Patient Patient 


0.8 2.1 0.20 0.80 ` 1.05 
1.3 1.5 0.35 - 0.65 . 0.46 
0.8 1.0 0.26 0.40 0.312 
1.6 2.1 6.23 1.60 0.50 


0.8 0.8 0.50 1.6 — 6.25 





3-0-Methyidopa: Levodopa 
— A. 






Patient 





*Dose of levodopa is 0.5 gm, given four times a day. 


NOREPINEPHRINE EPINEPHRINE 


3-0-METHYLDOPA 


L-DOPA 


MELANIN | 


— DECARBOXYLASE 


METANEPHRINE 


NORMETANEPHRINE 


VMA 


DOPAMINE -» 3- METHOXY TYRAMINE 


DOPAC HVA 


Outline of levodopa metabolism. 


with a five- to sixfold increase in 3-0- 
methyldopa levels. 

In samples taken two hours after a 
dose, the ratio of 3-0-methyldopa 


plasma levels to dose of levodopa was _ 


significantly increased in three pa- 
tients, and the ratio of 3-0-methyldopa 
level to levodopa level in the plasma 
was higher in two patients during 
carbidopa treatment than without it 
(Table 4). 

Table 5 shows some degree of inhi- 
bition of decarboxylation (ie, a de- 
crease in the ratio of plasma levels of 
dopamine and norepinephrine to dose) 
during the treatment with the combi- 
nation of decarboxylase inhibitor and 
levodopa in patients 1 and 3. An 
increase in epinephrine plasma levels 
was seen with carbidopa treatment in 
patients 1 and 2. 

At the time of the study, the plasma 
profile of six parkinsonian patients 
with dementia who were responders 
to the levodopa-carbidopa combina- 
tion and did not manifest the “on-off” 
phenomenon’ was studied. The ratio 
of plasma 3-0-methyldopa level to 
plasma levodopa level in these pa- 
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tients is shown in Table 6. Their mean 
plasma level of 
149 + 0.2 (SD) and of 3-0-methyl- 
dopa, 0.893 + 0.115. All of the patients 
had very low ratios of plasma 3-0- 
methyldopa to levodopa levels (less 
than 1). Similarly, the plasma profile 
of three patients who are responders 
to levodopa alone were studied, and 
Table 7 shows that the 3-0-methyl- 
dopa-levodopa ratio was less than 1. 


‘COMMENT 


The present study deals primarily 
with three parkinsonian patients who 
had failed to improve with levodopa 
therapy. When they were shifted to 
the. levodopa-decarboxylase inhibitor 
combination, they experienced invol- 
untary movements and still did not 
improve in their clinical disability. 
These three patients had previously 
been receiving 5 to 6 gm of levodopa 
per day, and only one patient had very 
low plasma levels of levodopa (0.8 ng/ 
ml). The other two patients had levels 
of 2.02 to 2.60 ng/ml, which are 
comparable to plasma levels of the 
majority of levodopa responders pre- 








levodopa was’ 


viously reported.'° When the patients 
were shifted to the levodopa-carbi- 
dopa combination (10:1 ratio), only one 
patient showed an increase in plasma 
levels of levodopa (twofold from base- 
line, which is about half his previous 
dose), but after only two weeks at this 
higher plasma level, the dose was 
reduced because of the appearance of 
involuntary head movements, without 
any sign of clinical improvement. 
Plasma levels then returned to base- 


‘line level. The appearance of muscle 


cramps and involuntary movements 
during the carbidopa-levodopa treat- 
ment in the other two patients 
prevented any increments in dose to 
further increase the plasma levels. 

These observations are in disagree- 
ment with the report that dyskinesias 
developing during the dopa decarbox- 
ylase combination are mainly due to 
high plasma levodopa levels.*-"" 

The consistent findings of interest 
in the plasma metabolite profile of 
these three patients are: (1) the high 
ratio of plasma 3-0-methyldopa level 
to levodopa level on levodopa alone 
(more than 1), (2) a further significant 
increase in the plasma 3-0-methyldopa 
to levodopa ratio during the decarhox- 
ylase inhibitor-levodopa regimen, and 
(3) the increase in the ratio of plasma 
epinephrine levels to dose of levodopa 
in two patients during the dopa decar- 
boxylase inhibitor treatment. 

These biochemical findings are as- 
sociated with three important clinical 
features in these patients: (1) the 
failure of all three patients to respond 
to large doses of levodopa (5 to 6 gm) 
administered for six months, (2) the 
failure to benefit from treatment 
with the levodopa-decarboxylase in- 
hibitor combination, and (8) the early 
appearance of involuntary movements 
and muscle cramps during the treat- 
ment with decarboxylase inhibitor in 
two patients even when the levodopa 
plasma levels were not significantly 
different from the baseline level. 

Few previous studies on plasma 3-0- 
methyldopa levels in parkinsonian 
patients showed: (1) that the plasma 3- 
0-methyldopa-levodopa ratio after an 
initial dose of levodopa increases 
gradually from less than 1 for the first 
two hours to greater than 1 there- 
after, and short-term improvement 
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` was noted at the first two hours when 
the ratio was less than 1,!? (2) that on 
prolonged levodopa treatment of pa- 
tients with “on-and-off” phenomena, 
3-0-methyldopa-levodopa ratio tends 
- to oscillate at a steady state of greater 
than 1, and this was similarly 
observed even when patients were 
Shifted to dopa’ decarboxylase inhibi- 
tor-dopa combination," (8) that there 
were significant increases in the 
plasma 3-0-methyldopa levels with 
dopa decarboxylase inhibitor-dopa 
combination, and (4) that a negative 
correlation between levels of 3-0- 
' methyldopa and long-term improve- 
ment has been observed in parkin- 
sonian patients.'? 

The three patients in our present 
study had high 38-0-methyldopa to 
levodopa ratios even two hours after a 
dose of levodopa alone, and in two 
patients, the ratio was even higher 
when they were shifted to the decar- 
boxylase inhibitor-levodopa regimen. 
Patient 2, with the lowest ratio of 3-0- 
methyldopa to levodopa during the 
decarboxylase inhibitor regimen, was 
the one who showed slight improve- 
ment in the disability score and did 
not have involuntary movements but 
only muscle cramps. The two patients 
whose 3-0-methyldopa to levodopa 
ratio increased moderately during the 
decarboxylase inhibitor treatment 
were the ones who experienced invo- 
luntary movements and “on-off” phe- 
nomena. 
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It has been observed that patients 
treated with decarboxylase inhibitor- 
levodopa combination experience 
prompt or early involuntary move- 
ments and more frequent “on-off” 
phenomena.” 1-15 

There have been no previous studies 
on the plasma profile of 3-0-methyl- 
dopa levels in responders to levodopa 
alone or the dopa decarboxylase inhib- 
itor combination. 

Our data on three responders to 
levodopa alone and six responders to 
levodopa and decarboxylase inhibitor 
showed that in all patients, the plasma 
3-0-methyldopa-levodopa ratios were 
all less than 1 as shown in Tables 6 and 
f: : 
Could the shunting of metabolism 
of levodopa to 3-0-methyldopa, be- 
cause of the inhibition of decarboxy- 
lase enzyme by the decarboxylase 
inhibitor, play a role in great inci- 
dence of involuntary movements, “ 
off” phenomena, or levodopa failure? 
The Figure shows the outline of levo- 
dopa metabolism. Normally, the path- 
way to, dopamine, hence to other cate- 
cholamines, is the major route, and the 
pathway to 3-0-methyldopa is a minor 
route. With the decarboxylase inhibi- 


tor, the pathway to dopamine is 


blocked, and the pathway to 3-0- 
methyldopa is accelerated. The activi- 
ty of the 3-0-methyldopa pathway 
may differ in individual patients, and 
our patients appear to be high methy- 
lators. 
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What could be the physiological 
significance o? a high 3-0-methyldopa 
to levodopa ratio after a dose of levo- 
dopa? Rivera-Calimlim'* showed that 
3-0-methyldopa has a much higher 
rate of transport into the brain than 
does levodopa. Bartholini and Pletsch- 
er et al“ showed a high accumulation 
of 3-0-methyldopa levels in the brain 
of rats after treatment with a decar- 
boxylase inhibitor. Current data from 
our laboratory support the report of 
Wade et al on interference of levo- 
dopa transport into the brain by 3-0- 
methyldopa. The biochemical conse- 
quences of tnis 3-0-methy!dopa-levo- 
dopa interaction in the brain is being 
studied in rats in our laboratory. 

From these preliminary studies, it 
would seem important to establish 
whether a 8-0-methyldopa to levodopa 
ratio greater than 1 is in fact a good 
index of whether the patient will 
experience “on-off” phenomena or 
involuntary movements or will fail to 
improve clinically. on a regimen of 
levodopa, with or without a decarbox- 
ylase inhibitor. 7 
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Glossopharyngeal Neuralgia, 


Asystole, and Seizures 


Jack N. Alpert, MD; Charles A. Armbrust, MD; Mahmood Akhavi, MD; 
Eleftherios S. Stamatiou, MD; James M. Killian, MD; Michael De Shazo, MD 


è Glossopharyngeal neuralgla, asys- 
tole, and seizures occurred in a patient 
with an internal carotid occlusion and 
externa! carotid stenosis. Swallowing was 
the triggering mechanism for these 
events. Mechanical stimulation of the 
pharynx falled to reproduce the symp- 
toms. An Ischemic Injury to the glosso- 
pharyngeal nerve in the region of the 
jugular foramen that resulted in an artifi- 
cial synapse is the proposed etiology. 

(Arch Neurol 34:233-235, 1977) 


Arch Neurol—Vol 34, April 1977 


lossopharyngeal neuralgia is an 
unusual form of tic douloureux. 
Manifestations other than pain in- 
clude cardiac arrhythmias, syncope, 
seizures, and parotid hypersecretion.* 
Cardiac arrest has been reported.*° 
Usually, there is no known cause. Rare 
documented etiologies include cerebel- 


‘lopontine angle vascular anomalies 


and tumors,’!'* vertebral artery dis- 
ease, >" extracranial tumors arising 
in carotid artery, pharynx, larynx and 
tonsil,'*** arachnoiditis,’ and. ossifica- 
tion of the stylohyoid ligament." This 
is the first report of extracranial 
vascular disease, internal carotid oc- 
clusion, and external carotid stenosis 
as one probable cause. An artificial 
synapse secondary to an ischemic 
injury of the glossopharyngeal nerve 
near the jugular foramen is the 
suspected etiology. 


REPORT OF A CASE 


A 68-year-old woman was admitted to St 
Luke’s Hospital on Sept 15, 1974, because 
of sudden loss of vision in the left eye that 
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fossa mass. 


lasted 30 minutes. When vision returned 
she noticed a slight blurriness in the lower 
half of the visual field of the left eye. She 
had a past history of hypertension and 


` chronic obstructive pulmonary disease. 


Findings of the general physical exami- 
nation were normal except for a blood 
pressure of 180/110 mm Hg. Neurological 
examination showed only a mild right 
ptosis and left carotid bruit. 

-A complete blood cell count and urinal- 
ysis were normal. The blood urea nitrogen, 
fasting blood sugar, liver function tests, 
electrolyte, calcium, and phosphorus levels 
were also normal. A chest roentgenogram 
showed emphysematous changes. The skull 
roentgenogram series was normal. The 
ECG demonstrated no significant abnor- 
malities. 

Electroencephalography showed left 
temporal theta activity. Angiography 
demonstrated a left internal carotid ocelu- 
sion and 90% stenosis of the left external 
earotid artery (Figure). Good opacification 
of left middle cerebral vessels was obtained 
through the posterior circulation. Verte- 
bral and basilar studies showed no anoma- 
lous vessels, occlusive disease, or posterior 

The patient remained asymptomatic and 
was discharged on a regimen of aspirin, 10 
grains per day. 

The patient was readmitted to St Luke’s 
Hospital on May 19, 1975, because of “black 
out” spells. For two days she had several 
episodes of lightheadedness, generalized 
weakness, and bilateral visual loss lasting 
15 to 30 seconds. These episodes were not 
related to position. 
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_ Left carotid angiogram demonstrates left | 


carotid occlusion and high grade left 
external carotid stenosis. 


There had been a two-month history of 
intermittent episodes of sharp left ear and 
throat pain. The pain occurred suddenly, 
several times a day, and lasted a few 
. seconds. She was not initially aware of any. 
factors that stimulated the pain. She did 
not complain of altered taste or saliva 
secretion. 

Findings of the general physical exami- 
nation were normal. Her heart rate was 76 
beats per minute and regular and her blood 
pressure was 140/100 mm Hg. Neurologic 
examination findings were normal except 
for a mild right ptosis and left carotid 
bruit. 

On subsequent examination several 
spells were witnessed. They were mani- 
fested by sudden loss of consciousness, 
head and eye deviation to the right, jerking 
of all extremities, and brief postictal 


confusion for about five seconds. These . 


always occurred when drinking fluid. 
Severe left-sided throat pain was associ- 
-ated with swallowing and preceded the loss 
‘of consciousness. Vigorous stimulation of 
the pharynx and tonsillar area did not 
trigger the pain or seizures. Salivary secre- 
tion was not measured, but no obvious 
‘changes were observed. 

Results of the EEG during the loss of 
consciousness were normal, no longer 
showing left temporal theta activity. The 
ECG demonstrated a baseline rhythm of 75 
beats per minute. While drinking and swal- 
lowing the heart rate gradually dropped, 
and finally asystole occurred for about 
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seven seconds. The heart rate then 
returned to abcut 70 beats per minute. 
Compression of carotid sinus also produced 
asystole for several seconds. 

The patient was treated with atropine to 


` maintain a pulse of 80 beats per minute. 


Phenytoin was given for the neuralgia 
with no benefit. Carbamazepine was added 


‘ at 600 mg/day, and partial relief of pain 
_was obtained sut episodes of asystole 


persisted. A transvenous pacemaker was 
inserted, but despite this, several episodes 
of hypotension and bradycardia occurred. 
Isoproterenol was given without benefit. 

Because of the failure of medical treat- 
ment and the cransvenous pacemaker to 
control bradycardia and hypotension, a 
permanent pacemaker’ was implanted. 
During surgery several hypotensive epi- 
sodes occurred. | a y 

After pacemaker implantation the pa- 
tient became stuporous. A right Babinski 
sign and an equivocal left plantar response 
were present. She was dyspnezie and had 
rales at both bases with expiratory 
wheezes. 


Aminophyllir, digoxin, furosemide, and 


intermittent positive pressur2 breathing 
were administered with improvement. The 


_ patient then had recurrence of left ear and 


throat pain. Ar otolaryngologist found no 
significant pathology. Repeat skull roent- 


-genogram series with base views showed 


no abnormality of the jugular foramen. 
Carbamazepine was readministered, and 
the pain was stecessfully controlled with a 
dosage of 800 mg/day. After three weeks 
in the intensive care unit, overt paranoid 
behavior developed and chlorpromazine 
was added to the regimen with return to 
her previous personality state. There was 
also continued neurologic improvement. At 
the time of discharge the patient had ne 
significant neurologic abnormalities, no 
ear or throat pain, cardiac irregularities, or 
hypotension. She has been maintained on 
carbamazepine, 800 mg daily. 


COMMENT 


Diagnosis of this disorder may be 
dificult. When our patient was 
admitted to che hospital ker primary 
complaints were “blackouts,” visual 
loss, and lightheadedness. She had a 
previously demonstrated left internal 
carotid occlusion and left external 
carotid stencsis. She was observed to 
have clonic jerking of all extremities 
associated with head and eye devia- 
tion to the right that lasted about five 
seconds. These were initially thought 
to be seizures with focel elements. 
Simultaneous EEG recorcing showed 


no epileptiform activity or significant 
alteration in background rhythm oth- 
er than movement artifact. 

A vagovagal reflex" or cardio- 
spasm was suspected when swallow- 
ing produced progressive bradycardia 
and asystole. Vigorous stimulation of 
tonsilar and pharyngeal regions 
failed to elicit pain or cardiac arrhyth- 
mia. Later, the patient described 
sharp throat pain on the left side 
while swallowing that preceded the 
cardiac abnormalities and seizures. It 
was then concluded that glossopha- 
ryngeal neuralgia precipitated asys- 
tole and seizures. The head and eye’ 
deviation to the right may have been 
due to the relatively greater ischemia 
of the left cerebral hemisphere. Brain 
stem pathology was excluded because 
of the absence of other clinical brain ` 
stem signs and normal vertebral and 
basilar arteries on previous angiogra- 
phy. The possible connection of her 
known vascular pathology, namely, 
left internal carotid occlusion and left 
external carotid stenosis, was then 
investigated. | 

The principal afferent fibers of the 
glossopharyngeal nerve are those aris- 
ing from the pharyngeal mucosa, the 
nerve of Hering (carotid sinus nerve), 
and Jacobson nerve, which supplies 
the parotid gland, otic ganglion, and 
mucous membrane of the middle ear.. 
The nerve of Hering joins the main 
trunk of the glossopharyngeal nerve 
near the jugular foramen, and Jacob- 
son nerve joins the petrosal ganglion 
in the lower part.of the jugular 
foramen. Vascular supply to this 
region is from the ascending. pharyn-. 
geal branches of the external carotid 
artery. 

It is known that impulses can be 
discharged from injured regions of 
nerve.” After ischemia local irritation 
of the nerve develops and repetitive 
discharges may cccur in bursts. Fiber 
interaction is a normal process at ’ 
injured regions, and artificial syn- 
apses can be set up with motor-to- 
sensory transmission in these areas.” 
Small pain fibers of the C-group are 
practically lacking in accommodation 
and easily excited by fiber interac- 
tion.” 

Therefore, we propose a mechanism 
of an ischemic injury to the ninth 
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cranial nerve resulting in an artificial 
synapse, motor-to-sensory, in the re- 
gion of the jugular foramen to explain 
glossopharyngeal neuralgia, asystole, 
and seizures in our patient. Impaired 
perfusion to this area occurred be- 
cause of a left internal carotid occlu- 
sion and left external carotid stenosis. 
The artificial synapse would be above 
the junction of the nerve of Hering 
and Jacobson nerve close to the 
jugular foramen. Manual stimulation 
of tonsillar and pharyngeal regions 
did not trigger pain, which supports 
the theory of a more proximal defect 
as the site of the pathology. 
To-summarize, swallowing attempts 
resulted in impulses descending 
` through motor branches of the glosso- 
pharyngeal nerve. The artificial syn- 
apse in the region of the jugular 
foramen resulted in diverting a 


significant number of these impulses 
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directly to the sensory fibers and back 
to the brain stem. There, transmission 
continued in the fasciculus tractus- 
solitarius and terminated in the dorsal 
motor nucleus of vagus. The bombard- 
ment of impulses received at the 
dorsal motor nucleus of vagus was 
perceived as arising from the carotid 
sinus through the nerve of Hering, 
although, in fact, they were motor 
impulses diverted from the periphery 
via the artificial synapse. A maximal 
vagal response was then generated as 
a result of these misdirected impulses. 

Consequently, bradycardia, and asys- 
tole occurred. 

= Treatment in the past has been 
most successful with intracranial sec- 
tion of glossopharyngeal and upper 
two rootlets of vagus nerves, while the 
cardiac abnormalities are controlled 
either with atropine or a transvenous 


pacemaker.” Treatment with only 
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Child Neurology 


Acute Infantile Motor Unit Disorder . 


Infantile Botulism? 


Susan A. Clay, MD; J. Carroll Ramseyer, MD; Lawrence S. Fishman, MD; Robert P. Sedgwick, MD 


® Eight infants with an acute reversible 
motor unit disorder are described, includ- 
ing two infants from whom Clostridium 
botulinum type A was isolated from stool 
specimens. The clinical spectrum in- 
cludes constipation, cranial nerve defi- 
cits, pupillary involvement, and general- 
ized hypotonic weakness. There were no 
deaths, and all infants have had complete 
clinical recovery. A characteristic electro- 
myographic (EMG) pattern was present 
early in the illness and persisted at least 
in part until clinical recovery. This distinc- 
tive pattern consisted of brief, small, 
abundant for power exerted motor unit 
potentials. This EMG pattern jin the 
context of the clinical syndrome may well 
. be diagnostic for acute infantile motor 
unit disorder. 

(Arch Neurol 34:246-248, 1977) 


Ar acute reversible infantile motor 


unit disorder has been suspected 
for many years and its theoretical 


existence has -been mentioned in 
review articles on the “floppy” infant. 
In 1974, Grover et al! delineated. an 
actual syndrome of hypotonia, hypore- 
flexia, and weakness of cranial and 
somatic musculature often associated 
with respiratory failure in infants less 
than 4 months of age. They postulated 
that this syndrome represented an 
acute polyneuropathy similar to the 
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Guillain-Barre syndrome (GBS). Only. 


one other infant? has been reported 
with a proposed acute reversible poly- 
neuropathy. There have been no 
deaths and recovery has been com- 
plete in all patients, with follow-up 
examinations being performed for 
more than three years in some 
patients. Table 1 reviews the clinical 
and laboratory data on the previously 
reported infants. 

There have been no diagnostically 
helpful blood or urine abnormalities. 
Cerebrospinal fluid (CSF) protein ele- 
vations were present in only five 
patients. Except for one patient with 
abnormal responses to facial nerve 
stimulation, nerve conduction studies 
(NCVs) reported on a total of seven 
nerves in three patients were normal. 
Needle electromyographic (EMG) 
studies were not described in any of 
the infants. 

Since these initial reports, two 
preliminary communications** have 
described four California infants with 
strikingly similar clinical pictures 
from whom stool specimens demon- 
strated botulinum toxin (two spec- 
imens that were type B and two, type 
A). Serum specimens in all. four 
infants were negative for botulinum 
toxin. É 


We are reporting eight patients . 


seen in the past four years with acute 


‘reversible infantile hypotonia (motor 
unit disorder), including two infants 


whose stools were positive for Clos- 
tridium botulinum type A spores and 
toxin, A typical clinical picture has 


been present in all our patients. In 
addition, we have found an apparently 
specific electromyographic abnormali- 
ty present in these infants, which, in 


‘the context of the clinical presentation 


may well be pathognomonic of this 
disorder. 


REPORT OF CASES 


' Case 1.~A 29-day-old female infant, the 
product of a term pregnancy complicated 
by edema and hypertension, was admitted 
with a two-day history of lethargy, poor 
feeding, and generalized weakness. 

On admission she was lethargic. Bilat- 
eral ptosis, briskly reactive pupils and full 
gaze, facial diplegia, weak gag and poor | 
palatal movements with pooling of secre- 
tions, and a generalized normoreflexic, 
hypotonic weakness were present. Labora- 


` tory data on admissior: showed no abnor- 


malities in the hemogram or the serum 
electrolyte, amino acid, heavy ~ metal, 
coproporhyrin, or porphobilinogen levels. 
Creatinine phosphokinase (CPK) level was 
elevated to 30 units (normal, < 10 units). 
Cerebrospinal fluid protein value was 37 
mg/100 ml, without pleccytosis or hypogly- 
corrhachia. An initial edroplionium test 
was equivocal, but subsequent tests were 
negative. An EMG disclosed brief, small, 
amplitude-abundant motor unit potentials 
(BSAPs). Motor nerve conduction times of 


‘the peroneal and median nerves were 
normal, and repetitive stimulation studies 


on the right median nerve did not demon- 
strate a decremental or incremental 
response, : 

On the fourth hospital day, she sustained 
a respiratory arrest requiring respirator 
support. Transient hyponatremia was asso- 
ciated with neurologic deterioration, in- 
cluding areflexia and sluggish pupillary” 
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. Table 1.—Previously Reported Cases . 





l Edro- Cerebrospinal 
_ Cranial Somatic Internal ' phonium Protein 
Age, Nerves Weakness Ophthalmo- Respirator Preceding Nasogastric Testing value, 
Patient wk involved (Generalized) Reflexes plegla Support Infection Feeding Results mg/100 mi 















d 9 VILIX,X Yes Absent No Yes (2 days) No Yes Not done 88 
2 5 VLIX,X None Present No No Yes Yes Not done 74, 36 





~  IX,X 


responses. Repeat CSF examination re- 
sults disclosed a protein value of 50 mg/100 
ml. By the 12th hospital day, quadriplegia, 
total external ophthalmoplegia with non- 
‘reactive 4-mm pupils, and paresis of 
cranial nerves VII, IX, X, and XI were 
present. A second EMG continued to 
demonstrate BSAPs that were now re- 
duced in number. A biopsy specimen of the 
left quadriceps muscle was normal. 

Bulbar impairment persisted until the 
15th hospital day when gradual return of 
motor function and the resolution of both 
internal and external ophthalmoplegia was 
noted. 

Respiratory assistance was required un- 
til the 98th hospital day and shortly there- 
after, she began to take oral feedings. She 
was discharged on the 128th hospital day. 
At the time of discharge, an EMG disclosed 
motor units of up to 1,500 „V and of normal 
duration. No positive sharp waves, fibrilla- 
tions, myotonic, or other resting or inser- 
tional potentials were seen. 

Neurological examination at the age of 
11 months was normal, with normal devel- 
opmental milestones for her age. 

Case 2.—A 25-day-old male infant had a 
one day history of irritability, poor 
feeding, and a weak ery. | 

On admission he was irritable and had 
diminished gag reflex, poor palatal move- 
ments, generalized hypotonic weakness, 
and normal reflexes. Initial laboratory 
data showed no abnormalities in the 
hemogram or the serum electrolyte, CPK, 
amino acid, heavy metal, or urine porphy- 
rin levels. Cerebrospinal fluid examination 
disclosed a protein value of 54 mg/100 ml, 
without pleocytosis or hypoglycorrhachia. 
The edrophoniom test was negative. 

On the second hospital day, he sustained 
two cardiopulmonary arrests requiring 
assisted ventilation. By the fifth hospital 
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3 5 VILIX,X Yes Decreased No No No Yes Negative 39, 24 
4 5 VII,IX,X Yes Absent No No No Yes Negative 45, 63 
E 10  VIMX,X Yes Absent -No No No Yes Equivocal 35 
i negative 
6 14 VH,1X,X Yes Absent No Yes (2 days) Yes No Negative 56 
7 4 MIV Yes Absent No Yes (32 days) No Yes Not done 18, 99, 35 
VVI l . 
8 14 HAATI Yes Absent Partial Yes (33 days) No Yes Not done 35, 50, 23 
9 3 U1, VII Yes. Absent Partial Yes (? time) No Yes — Not done 56, 72, 44 
IX,X f 
10 2 HLIV,V, Yes Absent No Yes (? time) Yes Yes Not done 256, 47 - 
VI, VH, 


day, there was flaccid areflexic quadripare- 


sis and a total external ophthalmoplegia, . 


with absent corneal reflexes. Gag and 
palatal sensation were absent, but he 
sucked on the nasotracheal tube. Repeat 
CSF examination results disclosed a pro- 
tein value of 51 mg/100 ml. By the seventh 
hospital day, he began to move at the 
wrists and ankles, but the pupils became 
smali and nonreactive and bilateral ptosis 
developed. An EMG on the 18th hospital 
day disclosed a BSAP pattern, with some 
scattered fibrillation potentials and inser- 
tional positive sharp waves. Motor nerve 
conduction studies of the right ulnar and 
peroneal nerves were normal. 

He remained static until the 62nd day 
when gradual return of strength became 
apparent. Extraocular movements re- 
turned; but the pupils remained non-reac- 
tive until the 70th hospital day. On the 74th 
day, :he extubated himself and was able to 
sustain adequate: respirations. He was 
discharged on the 98th day after the reso- 
lution of feeding difficulties. 

A follow-up examination at the age of 18 
months disclosed a normal child who was 
walking and talking well without any 
residual neurologic impairment. 

CasE 3.—A 103-day-old female infant had 
a seven-day history of constipation, poor 
feeding, weak cry, and generalized weak- 
ness. Ten days prior to admission, she had 
experienced mild upper respiratory symp- 
toms. 

On admission, she was irritable. Pooling 
of secretions and a suppressed gag reflex 
were noted as well as facial diplegia and 
generalized hypotonia with weakness. Up- 
per extremities were areflexic, but reflexes 
in the legs were normal. Initial laboratory 
data showed no abnormalities in serum 
electrolytes, hemogram, or CPK levels. 
Cerebrospinal fluid examination results 
















showed 3 monocytes ml, a protein value of 
35 mg/100 ml, and a glucose level of 56 mg/ 
100 ml. 

Gavage feeding became necessary by the 
fourth day, but respirator support was not 
required. The EMG demonstrated a BSAP 
pattern, and motor nerve conduction stud- 
les of the right median and peroneal nerves 
were normal. 

Recovery began on the 16th day and by 
the 22nd hospital day, she was feeding 
well. l 

- Follow-up examination at the age of 16 
months demonstrated normal psychomotor 
development and no neurological abnor- 
malities. i 

Case 4.—A 46-day-old female infant had 
a six-day history of constipation, weak- 
ness, lethargy, poor cry, and feeding difi- 
culties. 

On admission, she was alert, but crying 
was inaudible. Bilateral ptosis with full 
extraocular motility, intact pupillary 
responses, facial diplegia, and absent gag 
and palatal movements were present. 
Diffuse generalized normoreflexic weak- 
ness with only minimal movement at the 
wrists and fingers was noted. Laboratory 
data showed no abnormalities in the 
hemogram or in the electrolyte or amino 
acid levels. Examination of the CSF 
disclosed a protein value of 81 mg/100 ml 
without cells and a glucose value of 51 mg/ 
100 ml. 

Shortly after admission, she required 
respirator support after a respiratory ar- 


rest. Within 24 hours, she was areflexic and 


by the fifth hospital day, she had no spon- 
taneous movements and extraocular move- 
ments were absent. Pupillary responses 
were sluggish. The EMG disclosed a BSAP 
pattern and motor nerve conductions of the 
left median and peroneal nerves were 
normal. 
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Extraocular and pupillary reactions re- 
turned by the seventh day, and motor 
strength gradually resolved although respi- 
rator support was required for 36 days. An 
examination of the CSF on the 12th day 
demonstrated a protein value of 60 mg/100 
ml without pleocytosis and a IgG level of 


. 3.7% of the total protein content. By the 


38th day, distal strength was normal, 
although proximal strength continued to 
be impaired. Gavage feeding was required 
until the 50th hospital day. An EMG on the 
65th day continued to demonstrate a BSAP 
pattern, and motor nerve conductions of 
left median and peroneal nerves were 
normal. 

Follow-up examination at the age of 5 
months was normal. Electromyographic 
studies at that time disclosed motor units 
of normal amplitude, duration, and config- 
uration. 

Case 5.--A 4-month-old female infant, 
the product of a full-term uncomplicated 
pregnancy and delivery, was admitted with 
a two-day history of progressive weakness 
and gradual refusal to eat. On admission, 
she lay quietly in bed, with a few feeble 
spontaneous movements and demonstrated 
marked pooling of secretions. -The pupils 
were briskly reactive to light, the fundi 
were benign, and extraocular motility was 
full. There was a weak gag, suck, and cry. 
Diffuse hypotonia with barely elicited deep 
tendon reflexes were present. No sensory 
impairment was noted. 

Initial serum electrolyte, calcium, phos- 
phorus, CPK,. cold agglutinin, hepatic 
enzyme, heavy metal, and porphyrin levels 
were normal, as was the hemogram. 
Lumbar puncture disclosed a protein value 
of 25 mg/100 ml, a glucose value of 32 mg/ 
100 ml, and 1 monocyte/ml. Edrophonium 
testing produced no improvement. An 
EMG performed shortly after admission 
demonstrated a BSAP pattern in the lower 
extremities and distal upper extremities. 
Nerve conduction studies on the median 
and peroneal nerves demonstrated normal 
conduction times and distal latencies. 
Median nerve sensory velocities and senso- 
ry latency times were normal. 

Within 14 hours of admission, intubation 
and respirator support were necessary. 
Nasogastric feedings were attempted but 
could not be utilized until the tenth day due 
to poor gastric emptying. On the fourth 
hospital day, the child was areflexic but 
still had feeble movements. A total 
internal and external ophthalmoplegia, 
ptosis, and facial diplegia had developed. 
Ocular and pupillary motility returned six 
days later. 

Respirator support was discontinued on 


the 13th hospital day, although gavage 


feedings were required until the 21st day. 
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She was discharged on the 28rd hospital 
day, with minimal proximal weakness:still 
present in the upper extremities. 

Follow-up examination one month after 
discharge demonstrated normal strength 
and norma! developmental milestones. 

Case 6.—A 4-week-old male infant had a 
one-day history of swallowing and feeding 
difficulties and a weak cry. Two weeks 
prior to admission, the child had tkinitis 
and mild cough., 

On admission, vital signs were er, A 
generalized hyptonic normoreflexic weak- 
ness was present. He moved all extremities 
weakly but spontaneously and withdrew to 
pinprick. A weak cry, absent suck and gag 
reflex, and a facial diplegia were noted. An 
EMG performed shortly after admission 
demonstrated a BSAP pattern. 

Initial laboratory data included the fol- 
lowing: normal serum electrolyte, glucose, 
calcium, BUN, and muscle enzyme levels 
and also a normal hemogram. Examination 
of the CSF disclosed a protein value of 78 
mg/100 ml, 3 monocytes ml/and normal 
glucose level. 

Within 24 hours of admission, intubation 
and respirator support were required in 
addition to nasogastric feedings. He 
became areflexic but retained some feeble 
movements. Transient sluggishly reactive 
pupils were noted, but extraocular motility 
remained intact. On the fifth hospital day, 
a repeat EMG continued to demonstrate a 
BSAP pattern and nerve conduction veloci- 
ties of both median and peroneal nerves 
were normal. Respirator support was 
required for -only six days, but gavage 
feedings were continued for 14 days. 
Another CSF examination on the 20th 
hospital day showed a protein value of 45 
mg/100 ml, a glucose value of 44 mg/100 
ml, and 5 monocytes ml. Repeat NCVs on 
the 21st day were normal, however, the 
EMG demonstrated a few remaining 
BSAPs, but amplitudes, durations, and 
configuration potentials were essentially 
normal, 

At time of discharge on the 22nd hospital 
day, the patient had resumed oral feedings 
and displayed normal muscle tone and 
strength. 

CASE 7.-A T0-day-old female infant, the 
product of a term uncomplicated preg- 
nancy and delivery, had a three-week 
history of feeding problems and decreased 
activity. Two days prior to admission, swal- 
lowing difficulties, constipation, and a 
considerable decrease in spontaneous 
movement were noted. 

On admission, she had a weak cry and 
little spontaneous activity but was atten- 
tive and responsive. Vital signs were 
normal. Cranial nerve function was intact 
except for a poor suck, gag, and'a tendency 


to pool her secretions. A generalized 
normoreflexic hypotonia greatest in the 
proximal musculature was noted. Sensa- 
tion seemed intact. Initial laboratory data. 
showed nc abnormalities in serum electro- 
lyte, amino acid; heavy metal, and calcium 
levels. Liver function and the hemogram 
were normal. An initial CPK value was 244 
units (normal being less than 150 units, 
with 100% being the muscle isoenzyme). 
The aldolase level was 39 units (normal 
being less than 22 units). Cerebrospinal 
fluid protein value wes 46 mg/100 ml, 
without pleocytosis or hvypoglycorrhacia. 
The monespot slide test was negative. 


Serum studies were negative for botu- 


linum toxin. The stool was positive for 
botulinum toxin type A. utilizing the fluo- 
rescent antibody test, ard a pure culture of 
C botulinum type A was grown from the 
stool on two occasions. The mouse test was 
conclusive for botulism. 

An EMS performec on the second 
hospital day disclosed a BSAP pattern with 
a few scattered normal motor units present 
in the lower extremities. Motor nerve 
conduction velocities of the median and 
peroneal nerves were normal. On the 
second hospital day, the child became 
areflexic and required gavage feedings. A 
muscle biopsy performed on the fifth day 
was normel, and repeat muscle enzyme 
tests showed normal values. Deep tendon 
reflexes returned on the sixth hospital day, 
and gradual motor function returned in the 
legs. A repeat EMG on day eight demon- 
strated remnants of a BSAP pattern in 
only two muscles, with normal motor units 
in all other muscles tested. Peroneal and 
median motor nerve conduction velocities 
remained normal. 

Oral feedings were resumed on the tenth 
day. Repeat examination of the CSF on the 
18th day disclosed a protein value of 26 
mg/100 ml without pleceytosis. She was 
discharged on the 13th hospital day with 
good strength and no feeding problems. 
She continued however, to demonstrate 
botulinum spores in her stool for over two 
months after clinical recovery. 

Follow-up examination at the age of 5 
months demonstrated no abnormalities 
and normal developmental milestones for 
age. 

Case 8.—A 114-day-old male infant, the 
product of aterm pregnancy, was admitted 
to an outside hospital with a two-day 
history of lethargy, poor swallowing, and 
constipation. 

On admission, he was awake but lethar- 
gic. A poor cry, gag, and generalized hypo- 
tonia, greatest in the proximal muscula- 
ture were noted. Laboratory data on 
admission showed no abnormalities in the 
hemogram or in the serum electrolyte, and 
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Table’ 2.—Clinical Features of Patients in This Study 


Age at 
Onset, Prior 


Patient days infection Weakness 


Dista! 

` greater 
than 
proximal 


Proximal 
greater 
than 
distal 


Proximal 
greater 
.than 
distal 


Proximal 
greater 
than 
distal 

Proximal! 


greater 
than 


dista! 


Proximal 
greater 
than 
distal 


Proximal 
greater 
than 
distal 


Proximal | 
greater 
than 
distal 


urine levels. Cerebrospinal fluid protein 
value was 18 mg/100 ml, with 2 monocytes. 
The child was begun on gavage feedings 
and transferred to Children’s Hospital of 
Los Angeles on the 20th day of illness. 

On admission to the hospital, the child 
had a poor cry, bilateral ptosis, facial diple- 
gia, poor suck, and an absent gag. The 
pupils were 4 mm and sluggishly reactive 
to light. Diffuse hypotonic weakness, prox- 
imal greater than distal, was noted. An 
EMG performed on the 21st day of illness 
demonstrated a BSAP pattern in all 
muscles tested. Motor nerve conduction 


time of the median nerve was normal and. 


repetitive stimulation of the median nerve 
at 50/sec resulted in augmentation of the 
M wave by 20%. Repeat CSF examination 
on the 2ist day demonstrated a protein 
value of 22 mg/100 ml, without pleocyto- 
sis. . 


Urine screen for heavy metals and amino. 


acids were negzétive. Mycoplasma and 
Ebstein-Barr titers were negative. A stool 
specimen was positive for C botulinum 
type A toxin, but the serum was negative 
for toxin. 

By the 18th hospital day, the pupils were 
nonreactive but full ocular motility was 
present. Peripheral motor function re- 
turned to 80% of the normal function by 
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Generalized 
Hospitalization 


Cranial 

Nerves 

involved 
HLIVVI, 

VI X-XI 


Reflexes 
During Pupillary 


involvement 


Present Yes (complete) 
(absent 
within 1 
wk) 


Absent Yes (complete) 


Present 
(absent 
within 1 
wk) 

Present HilV, Jti, 
(absent IX-<! 
within 1 
wk) 

Trace 
(absent 
within 1 
wk) 


Present 
(absent 
within 1 
wk) 

Present 
{absent 
within 1 
wk) 

Absent ii, Vil, 

IX-X; 





Yes (partial) 


HLIVY Yes (complete) 


VIL, X-XI 


VH, IX-XI Yes (partia!) 


VH,IX-x<! 


Yes (complete) 


the 38rd hospital day. The pupillary 
response to light was normal but the child 


continued to have stosis and a facial” 


diplegia and required gavage feedings. He 
was discharged on tre 48rd hospital day. 
Follow-up examination results two months 
after discharge were rormal. 


COMMENT 


The clinical features of our patients 
are summarized im Table 2. The 
infants were betwe2n 3 and 18 weeks 


of age and had histories of lethargy, . 


irritability, poor feeding, constipa- 
tion, and generalized weakness of 12 
hours to seven dars duration. Only 
two children had a history of a preced- 
ing viral infection. ` 

On admission, all patients were 
hypotonic, with generalized somatic 
muscle weakness. Iritially, six of the 


infants had preservation of their: 


muscle stretch reflex2s, but all became 
areflexic within one week of hospitali- 
zation. Every patient had cranial 
nerves VII, IX, X, and XI involved. 
External ophthalmorlegia occurred in 
four infants, with four patients expe- 
riencing a complete -nternal ophthal- 


i Duration 
Respirator of 

Gavage ' Support, lllness, Complete 

Feeding days days Recovery 


No support 
used 











No support 
used 


No support 
used 





moplegia and two demonstrating 
sluggish pupillary responses presum- 
ably secondary to autonomic nervous 
system involvement.** Other symp- 
toms of autonomic dysfunction were 
present in four patients, including 
constipation and delayed gastric emp- 
tying, with a paralytic ileus. No 
cardiovascular symptoms occurred in 
any of the infants. Electrocardio- 
grams were normal in all patients. 
Within 2 to 80 hours of admission, 
five of our patients required ventila- 
tory support for periods extending up 
to 94 days. All required gavage 
feedings for variable periods as did 


_ nine of the previously reported pa- 


tients. Every patient recovered com- 
pletely. During follow-up examina- 
tions over periods of up to 36 months, 
normal psychomotor development has 
been observed in all. 

Routine hematologic and urine in- 
vestigations were not helpful in these 
patients (Table 3). Edrophonium test- 
ing produced an initial equivocal 
response in one child and this was 

negative on repeat testing. It was 
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` 





Cerebrospinal 
Fluld 
Protein 
Level, 
mg/100 m! 


Fluid, 


Patient cells/ml 


0, 0 

-3 3,0 

4 81, 60 0,0 
5 25 1 


negative in the other infants so 
tested. Spinal fluid examination was 


normal in seven patients. Equivocal ' 


but nondiagnostic elevation of protein 
level was recorded in one patient. Two 
children had transient elevation of 


muscle enzymes, with rapid return of. 


these enzymes to, normal limits. Two 
infants had entirely normal muscle 
biopsy specimens, including histo- 
chemistry. Both infants with tran- 
sient enzyme elevation had norma 
muscle biopsy specimens. i 

On clinical examination, our pa- 
tients closely resemble those of 
Grover et al', with’a reversible cranial 
‘and somatic areflexic weakness usual- 
ly requiring gavage feedings and 
frequently ventilatory support. A his- 
tory of a preceding viral illness is 
uncommon. Edrophonium testing is 
uniformly negative, but may be tran- 


siently equivocal in the rare patient. 


The remainder of the general labora- 
tory data is helpful in “ruling out” 
rather than “ruling in” a diagnosis. 
Prior reviews of infantile polyneu- 
ropathy have generally described. sub- 
acute or chronic involvement of the 
peripheral nerves, usually with resid- 
ual neurologic deficits These chil- 
dren have generally had signs and 
symptoms for over one year, and some 
have demonstrated hypertrophic. neu- 
ropathy with primary failure of 
peripheral myelination.®'° Articles 
dealing with acute reversible radicu- 
loneuritis . have generally discussed 
older children who tend to conform to 
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. 
A . 


Cerebrospinal 


Serum 
Creatine 
Phosphokinase 
Level, 
mg/100 ml 


30 (normai, 





Muscle 
Biopsy 
Specimen 

Normal 


* 


Edrophonium 


Test 


Monospot 
Slide 
Test 


Not done 


` 
. 
+ 
+ + 


t Tabie 3.—Routine Hematologic and Urine Investigations 


Urine 
Porphyrin 


and Heavy 


Metai 
Levels 


Normali 


Urine-Amino 
Acid 
Chromatography 


Equivocal » 
(repeated 
test was 
negative) 

Negativa ` 


< 10) 


106 (normal, Not done 


< 100) 


141 (normal, . 
< 150) 


Not done 


78 (normal, 
< 150) 


120 (normal, 
< 150) 


244 (normal, 


Not done Not done 


Not done - 
. Negative 


Not done 
Not done 


Not done . Not done 





Normal Not done 


< 150) 


8 13, 22 2, 1. 120 ? Not done Negative Normal Normal 


Normal 


Negative Normal Normal 


Not done Not done Not done 


Normal 
Not done 


Normal 
Not done 


Negative 
Negative 
Normal 


Negative Normal 


Negative Normal Normal 


Table 4.—Results of Electromyography 


Day of 
Patient iliness = 


1 11 
T1 ` 


h | of +1 tO 
OQ] htm] co 


ho 
Ja 


57 

90 
2. 
2 


Fibrillation 
and Positive 
Motor Units Sharp waves 


BSAP* 0 
BSAP 

BSAP (normé]) 
BSAP 

BSAP 

BSAP 

BSAP 

BSAP (few normal) 
BSAP (normal) 


olto 


BSAP ; i : 


5 
6 
6 
22 
22 

. 29 
8 21 i 





BSAP 

BSAP 

BSAP (normal) 

BSAP l 
BSAP (normal) l 
BSAP 


0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 


0 


*BSAP indicates brief, small amplituce, overly ‘abundant (for amount of power exerted) motor unit 


action potential. 


the clinical and laboratory criteria of 
GBS. 5 E 
Our patients have a commor. symp- 
tomatology of severe somatie and 
cranial muscle weakness, areflexia, 
and frequently, partial or total inter- 
nal ophthalmoplegia, with small to 
midposition pupils, followed by com- 
plete and rapid recovery. In these 
characteristics, the acute infantile 


hypotonia, of our patients clinically . 
resembles GBS. Childhood cr adult - 


GBS is a polyneuropathy character- 
ized by inflammatory cell infiltrates 
and segmental demyelination at all 
levels of the peripheral nerve from 
ventral and dorsal root ganglia to the 


finest myelinated terminal of the - 
motor twig adjacer:t to the myoneural 
-junction.® | 

As will be subsequently discussed, , 
the electrodiagnostic. studies per- 
formed suggest that these patients do 
not truly have GBS. 

In the differential diagnosis of © 
acute weakness, a variety of meta- 
bolic, hereditary, infectious, and toxic 
disorders -are included. Among these 
are poliomyelitis, encephalitis, Leigh 
syndrome, polymyositis, myasthenia 
gravis, GBS, including heavy metal 
intoxication, tick paralysis, and mono- 
nucleosis, periodic paralysis, porphy- 
uria, tetanus, organophosphate poi- 
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“soning, diphtheria, and botulism. Ex - 


tensive blood and-urine studies in-all ` 
eases ruled out these disorders with. - 


_the possible exception of botulism.’ 


The spores of C botulinum are 
ubiquitous in nature: Seven serotypes . 
and multiple mutations have been 
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"isolated. wiih. types A, B; E wl F, 


“generally associated wizh human dis- 


. ease, -although . spordcie epidemics 
have been reported with all types. 
Botulism is generally cdassified as a 
food poisoning secondary to the oral 


ingestion of the toxin in improperly 
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Eo ‘or spoiled foods, io 
several instances of wound botulism 
© have beer reported. 1: This is the tradi- ` 


wale “tional concept, that of an intoxication. - 


“However, - Soviet investigators'*9 
- have long maintained that. botulism is. 
_in actuality a toxinfection. In experi- 
mental animals, they have demon- - 


__ strated. toxin formation ‘within the . 
„> alimentary ‘tract secondary, to germi- : 


nation and multiplication, of spores. In .. 
' addition, ‘toxin-plus-spore ingestion, 
_ they propose, leads to a more severe , 
clinical picture than ingestion of toxin 
‘alone. - Moré, -disconcerting however, 
may be three cases of human botulism 
' that are presumed to be secondary to . l 
the ‘inhalation. of- botulinus ‘toxin ~ 
occurring in research workers.”° K 
Four of our ‘patients were exclu- 


e sively breast-fed and the remainder `. 


were, taking: commercially prepared 
formulas. Noné of the.children: had ` 
_ sustained a wound. No family mem-, 
bers were. similarly affected and there . 
“was no case’ clustering to suggest a 
` contaminated formula source. 

Botulism causes widespread cholin- 
_ergic ` . dysfunction, includirig motor 
- and autonomic nervous system abnor-: 
malities: Pupillary abnormalities. are ` 
not uncommen,° although when’ af- 
_ fected, the pupils: tend to be widely- 
> dilated and ` fixed. Three ‘of - our 
patients had a complete internal 
`- ophthalmoplegia that is not ‘inconsis- 
tent with botulism: intoxication. 

‘One * or _more ss pecs Se aaa 
_. studiesiwere performed on each of our: 
patients. Two or more muscles of one 
upper and one lower extremity were 
sampled at each test. The EMG results 
` are summarized i in Table 4. The initial 
ÉMG studies were performed within 1 
. to 20 days of the onset of illness. Most 
-of; the studies in these critically ill 
_ infants were performed at the bedside 
-in the intensive care. unit. All of the 
“initial EMGs demonstrated’ a BSAP 
las in all. muscles tested. The 
€ ‘aeronym “BSAP” was coined by 
-Bhgel* and réfers to brief, small 


' amplitude,- overly abundant (for the 


amount ‘of: power being exerted), 
motor unit action potentials. Figure 1 


. demonstrates a BSAP pattern record- 
` ed from a weakly contracting perone- 


us longus muscle.in patient 1. Only one 
EMG (patient 2) displayed fibrillation ~ 


‘241 ` 


potentials and positive sharp waves, 
and these were present only to a mild 
degree. (Fig 2) Repeated EMG studies 
were done in four of the eight 
patients. As clinical recovery occurred, 
normal motor unit activity reap- 
peared. At the times of these repeat 
studies, however, brief, low-voltage 
motor units were still present in all 
muscles tested, and some muscles still 
displayed a BSAP pattern. Figure 3 
demonstrates relatively normal motor 
unit activity recorded from the right 
biceps of patient 1 on the 93rd day of 
illness. In patient 3, a partial BSAP 
pattern was noted some three weeks 
after clinical recovery. 

Motor nerve conduction studies 
were performed on two nerves on at 
least one occassion in all patients. 
Table 5 summarizes these studies. All 
motor velocities were normal for age 
while the M-wave amplitudes tended 
to be low in most instances. In patient 
6, a median wrist-to-elbow ortho- 
dromic sensory velocity was 35 m/sec 
at the age of 33 days. Repetitive stim- 
ulation of the median nerve at the 
wrist, with recording over the op- 
ponens pollicis, was performed in 
patients 1 and 8. Stimulation at 3/sec 
produced no significant alteration of 
M-wave amplitude. Stimulation at 20/ 
sec in patient 1 demonstrated no 
change, but in patient 8, stimulation 
at 50/sec resulted in a 20% increase of 
the M-wave amplitude. 

All of our patients demonstrated a 
combination of a BSAP-EMG pattern 
and normal motor nerve conduction 
velocities. This combination is most 
commonly encountered in patients 
with a primary muscle disease. How- 
ever, as previously discussed, the clin- 
ical features lack of significant muscle 
enzyme elevations, and two normal 
muscle biopsy specimens led us to 
conclude that this was not a primary 
muscle disease. Clinically, we believed 
that we were dealing with an acute 
reversible polyneuropathy, with a 
pathophysiology different from that 
of adult GBS. 

Diagnostic abnormalities reported 
in adults and older children with GBS 
include (1) slowing of motor conduc- 
tion velocities and distal motor laten- 
cies in approximately 80% of the 
patients,” (2) abnormal sensory laten- 
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Fig 2.—Fibrillation potentials and positive sharp waves in right deltcid muscle of patient 
2. Each horizontal division is 10 msec and each vertical division is 200 pV. 


Fig 3.—Normal motor unit activity found in patient 1 on 93rd day of illness. Each 
horizontal division is 10 msec and each vertical division is 200 uV. 
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cies, (3)decreased interference pat- 
tern,” (4) polyphasic, prolonged dura- 
tion and increased amplitude motor 
units,’ and (5) fibrillation potentials 
and positive sharp waves.*? Our 
patients’ electrodiagnostic findings 
were quite different from those listed 
and suggest that our patients proba- 
bly did not have diffuse involvement 
of the nerve cell or segmental demye- 
lination. i 
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Engel?) has hypothesized that a 
BSAP pattern may occur “when a 
neuropathic process affects in many 
motor units the function of some but 
not all motor unit twigs or axonal 
endings.” He cited the reports of 
BSAP-EMG patterns in patients with 
botulism as evidence supporting his 
hypothesis. That botulinum toxin ex- 
erts its effect by preventing acetyl 
choline release from cholinergic nerve 
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terminals seems well established.?*.6 

We reviewed 21 cases of human 
botulism reported in the literature 
that included electrodiagnostic: test- 
ing..*-17-20.27-33 Hive patients had needle 
EMGs.22-77:32.33 Three patients had 
BSAP patterns,”°-2"-33 and two of these 
had fibrillations.2°** The other two 
patients were reported as normal. Of 
16 patients*'*-"-* with reports of the 
amplitude of evoked muscle action 
potentials, nine were of significantly 
low amplitude, three were-borderline 
low, and four were normal. Motor 
nerve conduction studies were per- 
formed in 13 patients!7-27-28-29 31.32.33 and 
were all normal. Our electrociagnostic 
findings, therefore, are consistent 
with those previously reported in 
human botulism. 

Augmentation of the amplitude of 
the evoked muscle action potential 
with rapid nerve stimulation, up to 
50/sec has been noted in six of 12 
patients. *!7-28-29.32.33 In one of two of 
our patients so studied, augmentation 
was demonstrated. We have not 
tested for prolonged posttetanic po- 
tentiation, a phenomenon Guttmann 
and Pratt** found in all six of their 
eases of botulism in adults. 

The BSAP-EMG pattern in an 
infant with these typical clinical 
findings is an early confirmatory 
diagnosis of acute infantile motor unit 
disorder. Whether this is in reality 
infantile botulism or a distal axonal 
neuropathy awaits further investiga- 
tion. The demonstration of the toxin 
and spores within the gastrointestinal 
tract is unfortunately one step re- 
moved from. actual proof of clinical 
botulism. Hopefully demonstration of 
the toxin in serum or at the motor 
end-plate itself may ultimately be 
accomplished to establish the final 
link. At the present time, we are 
attempting to demonstrate toxin 
fixed to motor end-plate in our labora- 
tory utilizing biopsy specimens from 
patients 1 and 7. Until the final 
studies are available, we can only 
speculate regarding the pathophysiol- 
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ogy of acute infantile motor unit 


~ disorder. 


Since the submission of our article, 
two additional patients with infantile 
botulism have been reported.** These 
patients were clinically similar to ours 
and both patients totally recovered. 
Needle EMG studies in their patient 1 
showed an excess of 2- to 4-msec dura- 
tion and 50- to 100-nV amplitude 
motor unit potentials. These poten- 
tials are similar to the electromyo- 
graphic pattern found in our patients. 
Paired acute and convalescent sera 
have been obtained and future anti- 
body studies are contemplated. 


Thomas Blevins, MD, Omar Alfi, MD, James 


Apthorp, MD, and Eugene Keller, MD, allowed us 
to present their patients. Stephen Arnon, MD, 
Bureau of Epidemiology, Center for Disease 
Control, California State Department of Health 
and Thaddeus Midura, PhD, Microbial Diseases 
Laboratory provided their efforts and encourage- 
ment, and the house staff of Children’s Hospital 
of Los Angeles extended care to these patients 


_ and their aS 
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Juvenile Parkinsonism Treated 


With Levodopa 


Kuldip K. Sachdev, MD, FRCP (C); Naunihal Singh, MD; M. 8. Krishnamoorthy, MVSe, DSe 


è We describe three patients with early 
onset of parkinsonism. Two of these were 
sisters and showed a reduction in homo- 
vanillic acid (HVA), 5- -hydroxytryptamine 
(5-HT), and 5- hydroxyindole acetic acid 
(5-HIAA) levels In the CSF. In the third 
patient, parkinsonism developed, which 
was probably related to chickenpox 
encephalitis. All three patients responded 
favorably to levodopa therapy. = 

(Arch Neurol 34:244-245, 1977) 


J uvenile parkinsonism i is a rare and 
generally familial disorder,'-* al- 
though nonfamilial postencephalitic 
- eases have also been described. The 
first cases were reported by Siehr' 
and Hunt,> who detailed the clinical 
features of four patients, adding the 
autopsy findings of one of them. 

In the familial cases,” a dominant 
inheritance with incomplete pene- 
trance has been suggested. Occasion- 
ally, the disorder may be sporadic and 
in some families,*° autosomal reces- 
sive inheritance has been reported. It 
has been suggested that the disorder 
results from impaired ability to syn- 
thesize dopamine, which might be 
consequent to Doin hydroxylase 
deficiency.? 

Usefulness of levodopa therapy in 
_ juvenile parkinsonism has been sug- 
gested by Martin et al? and Kilroy et 
al.!° In this report, we describe three 
more patients who had a good 
response to levodopa therapy. Evi- 
dence of reduced metabolism of cere- 
bral monoamines was present in two 
of the patients. 


REPORT OF CASES 


Case 1.—Bradykinesia and stiffness of 
the body was gradually developing in a 12- 


year-old girl since the age of 10 years. 
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Tremor of the extremities, flexion attitude 


of the body, and -unclear speech became 
evident six months later. At the time of 
admission, she was unable to sit, stand, or 
even turn in bed by herself. 

Findings of the physical examination 
showed expressionless facies, diminished 
eye-blinking, positive glabellar tap reflex, 
monotonous slow speech with low volume, 
marked bradykinesia, cogwheel rigidity of 
all four extremities, and coarse pillrolling, 
4 to 6 cps resting tremor. Stretch reflexes 
were normal and plantar responses were 
flexor bilaterally. Results of the cranial 
nerve examination were unremarkable, 
and there was no sensory impairment. 
Mental ability was not impaired. The liver 
and spleen were not enlarged. Slit lamp 
examination did not show a Kayser-Fleis- 
cher ring. Laboratory examination results 
were unremarkable and incluéed serum 
copper and copper oxidase determinations, 
liver function tests, a liver biopsy (special 
staining for copper deposits), a serum uric 


- acid determination, cytochemical study of 


CSF, and urinary chromatography for 
aminoaciduria. Roentgenographical exami- 
nation of the chest and skull, electroen- 
cephalography, and pneumoencephalogra- 
phy were normal. - 

She was treated with levodopa in grad- 
ually increasing doses. At 2.5 gm/day in 
divided doses, three to four weeks after 
initiation of treatment, she showed consid- 
erable improvement in bradykinesia and 
rigidity and was able to walk without 
support. Tremor improved only slightly, 
and there was no noticeable improvement 
in her speech. Improvement has been 
maintained for more than a year. 

Case 2.—Progressive bradykinesia, rigid- 
ity, and tremor of both hands was devel- 
oping in a 10-year-old girl since the age of 


(5-ET), 


9% years. This patient was the younger 
sister of patient 1. 

Results of the physical examination 
showed infrequent eye-blinking, positive 
glabellar tap reflex, cogwheel rigidity, 
rhythmic 4 to 6 eps tremor of both hands, 
and mild flexion of arms and legs. Her gait 
was festinating both in propulsion and 
retropulsion. Stretch reflexes were normal, 
and plantar responses were flexor bilater- 
ally. Cranial nerves and sensory examina- 
tion results were normal. The liver and 
spleen were not enlarged. Slit lamp exami- 
nation for Kayser-Fleischer ring was nega- 
tive. Laboratory studies, same as in ‘the 
case of her sister, were all normal. ` 

She showed: a gcod response to levodopa, 
but dyskinesias developed at a dosage of 2 
gm/day and a reduction was necessary. 
Imprevement has been maintained at a 
daily levodopa dosage of 1.5 gm/day for 
more than a year. 

A family history showed no consan- 
guinity and no. relative suffered from a 
neurological disorder. Both parents and 
three younger siblings were examined and 
were normal. 

Determination of 5-hydroxytryptamine 
5-hydroxyindole acetic © acid 
(5-HIAA), and homovanillic acid (HVA) 
levels in CSF was carried out on two occa- 
sions in both patients prior to levodopa 
therapy. The levels of 5-HT and 5-HIAA 
were determined according to Curzon and 
Grzen,'' and HVA level was determined 
according to Ashcroft et al. The sensitivi- 
ties of 5-HT, 5-HIAA, and HVA estima-. 
tions were 7 ng/ml, 20 ng/ml, and 30 ng/ 
ml, respectively. The level of 5-HT was less 
than 50% of controls matched for age and 
sex. Thé levels of 5-HIAA and HVA were ` 
to low to be measured (Table). 

CASE 3.—A o-year-old girl experienced 


5-Hydroxytryptamine. 5-Hydroxyindole Acetic Acid, and Homovanillic Acid 
-© Levels in CSF of Familial Juvenile Parkinsonism Patients 


Patient 1, ng/ml 


Levels in 
Patient 2, ng/ml 


Levels in 


5-hydroxytryptamine 
(normal, 28-35 ng/mi)* 

5-hydroxyindole acetic acid 
(normal, 22-40 ng/mi) 

Homovanillic acid 
(normal, 35-40 ng/m) 





*Ten samples were used for each determination. 


tNM indicates not measurable. 
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a febrile illness with impairment of 
consciousness and neck stiffaess at the age 
of 5 years. A week later, an exanthematous 
skin rash developed, lasting for seven to 
ten days, and chickenpox was diagnosed. 


On the tenth day of her illress, left focal | 


convulsions developed that were controlled 
with. anticonvulsants. A lumbar puncture 
showed a clear CSF, with seven lympho- 
cytes and 60 mg of protein. Jonsciousness 
improved over a period of three weeks. Ske 
was then noticed to have st‘ffness of the 
whole body, with flexion of arms and legs. 
She also had a resting tremcr of the lips, 
tongue, and hands. Symptome tended to be 
less -marked immediately on awaking, 
when ‘she was able to walk for 5 to 15 
minutes without assistance. There was no 
family history of.a similar disorder. 

Relevant findings on examination in- 
cluded low volume speech, infrequent eye- 
blinking, drooling of saliva, a persistently 
open mouth, torticollis, with turning of the 
neck to the left, and a left leteral rectus 
paresis. There was a rhythmic tremor of 
lips, tongue, and upper extremities, a 
generalized flexion posture, and bradyki- 
nesia, as well as cogwheel rizidity, was 
present. Stretch reflexes were nyperactive 
and plantar responses were flexor bilater- 
ally. Psychological evaluation saowed nor- 
mal intelligence. 

No Kayser-Fleischer ring. was seen on 
slit lamp examination. Serum copper and 
copper oxidase determinations, liver func- 
tion tests, CSF and routine urine studies, a 
hemogram, a Mantoux tuberculin skin test, 
x-ray films of. the skull and chest, and an 
EEG were all normal. 

A diagnosis of postencephalitic parkin- 
sonism was made, and levodopa therapy 
was begun. She showed comsiderable 
improvement after two weeks at a dosage 
of 1.5 gm/day, but pronounced dyskinesias 
developed. The dosage was reduced to 1 
gm/day and improvement has been main- 
tained for more than a year. . 
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COMMENT 


The diagnosis of juvenile parkin- 
sonism is fairly clear in all the three 
patients. The possible alternative 
diagnosis of Wilson disease, rigid 
form of Hunting<on chorea, or Haller- 
vorden-Spatz disease were excluded 
on the basis of cl:nicai and laboratory 


information. As to the pallidopyram- 


idal syndrome that can closely mimic 
cases of juvenile parkinsonism, it is 
impossible to exclude it as yet. Davi- 
son? described she appearance of 
pyramidal tract sizns at the age of 65 
years in one of the patients of juvenile 
parkinsonism originally described by 
Hunt. At postmortem, there was 
demyelination of the pyramidai tracts 
in the medulla and spinal cord in 
addition to the changes that have been 
described in juvenile parkinsonism, 
eg, atrophy, with loss of neurons and 
gliosis in the globus pallidus putamen 
and caudate.*™ Similar findings were 
reported in two young familial pa- 
tients with pallidopyramidal syn- 
drome described by Horowitz and 
Greenberg, but parkinsonism and 
signs of pyramidal tract involvement 
were present early. In the two sisters 
with parkinsonism presented in our 
report, there was no evidence of 
pyramidal tract invclvemeént. The two 
cases of juvenile parkinsonism re- 
ported by Martin ez al® also had no 
evidence of pyramidal tract involve- 
ment. 

‘Parkinsonism developed in our 
third patient immediately after a 
febrile illness, with exanthematous 
skin rash, seizures, and mental 
changes probably due to chickenpox 
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encephalitis. Postencephalitic parkin- 
sonism has characteristically been 
reported after von Economo encepha- 
litis lethargica but rarely does it occur 
after measles, chickenpox, Japanese- 
B,. Western equine, and coxsackie 
virus encephalitis.*® 

The presumed neurochemical defect 
in parkinsonism is a deficiency of 
dopamine in the neostriatum. A defi- 
ciency of 5-HT and its principal metab- 
olite 5-HIAA has also been demon- 
strated in these patients. Since the 
levels of HVA, 5:HT and 5-HIAA in 
CSF are considered to reflect the 
monoamine metabolism in the central 
nervous system,’ it is interesting to 
note that the HVA and 5-HIAA levels 
in the CSF were too low to ‘be 
measured, and the 5-HT levels were 
significantly reduced in both sisters 
as compared to controls. 

On clinical examination, juvenile 
parkinsonism resembles the adult va- 
riety and responds to antiparkin- 
sonian drugs. Bury’ had already 
reported improvement in early onset 
familial parkinsonism with scopola- 
mine. All the five patients reported by 
Martin et al? and Kilroy et al? showed 
a good response to levodopa. Common 
early side effects were nausea and 
vomiting in three patients, and dyski- 
nesias were the dose-limiting factor in 
two patients. So far, the results 
obtained in our patients seem encour- 
aging. — 
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Electrically Elicited Blink Reflex 
in Normal Neonates 


Jun Kimura, MD; John Bodensteiner, MD; Thoru Yamada, MD 


è The electrically elicited biink reflex 
was tested in 30 full-term neonates. Of the 
two distinctly separate responses, early 
component R, and late component R,, R, 
was recorded in all but three infants. Its 
latency, 12.1 + 1.0 msec (mean + SD), 
was | significantly greater than that in 
adults (10.6 + 0.8 msec) despite a con- 
siderably shorter length of the reflex arc in 
infants. Unlike the response in adults, R, 
was elicited in only. 20 of 30 infants, 
mostly on the side ipsilateral to the stimu- 
lus. The reduction of reflex excitability of 
R, in neonates must occur primarily at the 
level of interneurons since oligosynaptic 
R, was elicitéd with ease whereas poly- 
synaptic R, was ‘not. | 

Aen Neurol 34:246-248, 1977) 


he blink reflex elicited by elec- 

trical stimulation of the supraor- 
bital nerve consists of two temporally 
separate components, an early R, and 
a late R, reflex. Whereas R,, evoked 
only on the side of stimulation, is a 
simple -pontine refiex, R,, recorded 
bilaterally with unilateral stimulation, 
is relayed through a more complex 


route that includes the pons and 
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lateral medulla.’ Afferent impulses 
of R, enter the pons through the 
trigeminal nerve, descend to the ipsi- 
lateral spinal tract, and ascend to 
make eventual connections with both 
ipsilateral and: contralateral facial 
nuclei.® 

Although the electrically elicited 
blink reflex has been extensively stud- 
ied, only a few reports have dealt with 
its maturational pattern in infants 
and children.*? In particular, to our 
knowledge no report has previously 
appeared describing this reflex in 
infants under 1 month of age. With 
inereasing use of this reflex as a clin- 
ical diagnostic test," it seems neces- 
sary to establish the relationship of 
various aspects.of the blink reflex .to 
age. Clay and Ramseyer’ have recent- 
ly described normal values of this 
reflex in children and infants 1 month 
to 9 years of age. We wish to report 
our experience with newborn infants 
less than “8 days of age to establish 
normal ranges of the blink reflex in 


' the neonatal period. Various aspects 


of the blink reflex in neonates will be 
compared to those in adults. 


MATERIALS AND METHODS 


Thirty healthy, full-term infants, 19 boys 
and 11 girls, were studied between the 
second and third days after birth. Written 


“consent was obtained from the mothers. 


Each test was conducted approximately 30 
minutes after feeding, when the infants 


were awake or in light sleep. No sedation 
was used. Subjects lay supine on a bed in a 
warm room during the 15 to 20 minutes 
required for testing. Surface electrodes 
were used for stimulation of the nerve and 
for recording of the evoked muscle action 
potentials. For recording, the active elec- 
trode was placed on the lateral aspect of 
the orbicularis oculi muscle with a refer- 
ence electrode on the lateral surface of the 
nose. A ground electrode was around the 
arm. Both the stimulating and recording 
electrodes were the same as those used for 
adult subjects.’ 

The supraorbital nerve was stimulated 
with the cathode placed over the supraor- 
bital foramen on ore side, ‘and the reflex 
responses were recorded from the orbicu- 
laris oculi muscle on both sides simulta- 
neously. Shocks were 0.1 msec in duration 
and of such intensity that R, and R, were 
just maximum and nearly stable with 
repeated trials. Stimulus artifacts tended 
to be large because the surface distance 
between the stimulating and recording 
electrodes was very snort. Nonetheless, it 
was usually possible, with careful posi- 
tioning of the stimulating electrode, to 
minimize the artifact so that the tracing 
returned near baseline before the onset of 
the evoked response (Fig 1 and 2). The 
latencies of R, and R, were measured from 
the stimulus artifact to the initial deflec- 
tion of the evoked potential. If R, was 


difficult to elicit with a single shock, it was . 


usually helpful to deliver paired shocks 
with an interstimulus interval of 5 msec. 
For each subject, at least four responses of 
R, and R, were recorded and the shortest 
latency was obtained. 
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In addition to the reflex responses, the 
conduction of the facial nerve was also 
routinely tested by stimulating the nerve. 
with the cathode placed just anterior to the 
mastoid process. The compound muscle 
.action potential thus recorded from the 
ipsilateral orbicularis oculi muscle was 
designated as the direct response. 


RESULTS 


As in adults,’ the electrically elicited 
blink reflex during the neonatal peri- 
od consisted of two distinctly separate 
responses, an early compcnent, R, 
and a late component, R,. Whereas R, 
(Fig 1) was recorded unilaterally on 
the side of stimulus, R, (Fig 2) was 
either unilateral on the side of stim- 
ulus or bilateral with unilateral stimu- 
lation, or not elicited at all. The 
presence or, absence of R, and its 
amplitude depended to a considerable 
degree on the intensity of stimulation, 
ie, the stronger the shock, th larger 
the size of R.. When R, was dificult to 
elicit, therefore, shock intensity was 
always increased at least up to a 
maximum of 150 V before we 
concluded that the response was 
absent. Further increase was at- 
tempted only if the subject appeared 
to tolerate it without undue discom- 


fort. The Table summarizes various . 


aspects of direct response and of R, 
and R, components of the blink reflex 
in 80 neonates as compared to those 
previously established in 30 older 
subjects aged 7 to 67 years (av2rage 
age, 8] years) In each grou, 60 
responses were analyzed, considering 
right and left sides together since no 
significant difference was founc be- 
tween the two sides (P > .05).- 

In five infants, the direct response 
was not adequately recorded, using a 
shock of 0.1 msec in duration and up to 
150 V in intensity. The latency of the 
direct response and its difference 
between the two sides in the seme 
subject were slightly greater in 


infants than in adults (P < .05). The 


mean amplitude of the direct response 
was considerably smaller in infants 
than in adults, but, for technizal 
reasons, shocks employed to elicit the 


direct response in newborn infarts ~ 


were often of submaximal intensity in 
this study. 

In three of 30 neonates, R, could not 
be recorded with single-or paired 
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Fig 1.—R, component (brackets) of electrically elicited blink reflex in seven newborn 
infants. Responses were recoded from orbicularis oculi muscle on side of stimulus 


, (arrows). Two successive triais were recorded on both sides in each subject to show 


consistency of R, response. In neonates, R, was often polyphasic and prolonged in 
duration, at times showing mcre than one response, which were separated by brief 
intervals (cases 2 end 5, left). When initia! portion of R, is not elicited due to submaximal 


second tracing). 


stimuli on either side. In all th2 others, 
R, was recorded with ease ən both 
sides. The latency of R, m newborns 
was significantly greater than in 
adults (P < .01). Right-left difference 
in latency of R, in the seme subject 
was about the same in infants as in 
adults. The amplitude cf E, was 


- significantly larger in infants than in 


adults (P < .01). However it varied 
considerably from one subject to 


- Stimulus, therefore. latency of R, appears to be unreasonably increased (case 6, right, 


another in either group. In infants, 
R, appeared more polyphasie and 
longer in duration than in adults, at 
times showing more than one re- 
sponse (Fig 1). 

In ten infants, unequivocal R, could 
not be elicited on either side, using a 
stimulus of 0.1 msec in duration and 
up to 150 V in intensity. In the re- 
maining 20, the ipsilateral R, was 
recorded regardless of the side of 
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Fig 2.—R, and R, components (solid and broken brackets, respectively) of electrically 
elicited blink reflex in five newborn infants. Responses were recorded from orbicularis 
oculi muscle on both sides after'`unilateral stimulation (arrows). In each subject, two 
successive right-sided stimuli (right figure) were followed by two successive left-sided 
stimuli (left) to show consistency of reflex responses. In ail five cases, R, and ipsilateral 


R, were clearly seen, but contralateral R, was usually absent and, when present, was 


- difficult to measure (cases 9 and 11, left; cases 10 and 12, right). 


stimulation. The latency of the ipsilat- 
eral R, was significantly greater in 
infants than in adults (P < .01). 
Right-left difference in latency of the 
ipsilateral R, was about the same in 
infants’ as in adults. Unlike the 
response in adults, the contralateral 


R, was rarely elicited in infants and, - 


when present, was difficult to mea- 
sure because of its great inconsistency 
_ from one trial to the next (Fig 2). 


COMMENT 


Before initiating the study, we had ` 
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anticipated various technical dificul- 


ties that might be associated with 
testing small neonates, but these 
concerns were mostly unfounded. If 


the infant was in light sleep, R, could 


be readily elicited without awakening 


‘him. Recording of R, however, was 


not as easy since shocks of higher 
intensity were usually required. When 
R, was difficult to record, it was 
necessary to keep the subjects fully 
awake because sleep tended to sup- 
press the excitability of this reflex." 
In many subjects, the direct response 


Recording 


to stimulation of the facial nerve was 
more difficult to obtain than the 
reflex responses. . 

A comparatively greater latency of 
the direct response and of R, in 
infants suggests incomplete myelina- 
tion of trigeminal and facial nerves 
and possibly also interneurons in the 
brain stem. It is weil known that the 
conduction velocities of the nerves in 
the upper and lower extremities in 
full-term infants are roughly half of 
those oz adults." Our findings are 
consistent with this observation if the 
length of the nerve is taken into 
consideration. The average length of 
the distal segment of the facial nerve 
in this study was 40+1.0 cm 
(mean + SD) from stimulating to 
recording electrodes in infants, as 
compared with an estimated 10 em in 
adults. Thus, the surface length of the: 
nerve segment concerned is less than — 
one half the length of the adult nerve, 
whereas the latency of the direct 
response is slightly greater in infants. 
Likewise, the average head circumfer- 
ence of the neonates was 34.5 + 4.0 
cm as compared with an estimated 56 
em in adults. Thus, the reflex path- 
ways must be considerably shorter.in 
infants than in adults, yet the latency 
of R, is substantially greater in 
infants. 

Since R, can be recorded with little 
difficulty in a majority of newborn 
infants, its central reflex are must be 


- already established at birth. Similarly, 


R, is elicited on the side of stimulus in 
two thirds of neonates, indicating that . 
its central connection is also, at least 
in part, developed at birth. This 
finding is in contrast to the previous 
reports that R, is absent in infants 
under 10 months? or 20 months’ of age. 
However, we do agree with these 
authors that R, is considerably more 
difficult to elicit in infants than in 
adults. Since R, is oligosynaptic and 
R, polysynaptic, selective reduction of 
excitability of R, in conjunction with a 
well-developed R, must occur at the 
level of interneurons. It has been 
shown that by about 6 years of age the ` 
R, component in children is as easily 
and consistently excitable as in 
adults.*? This corresponds to the time 
of completion of brain stem myelina- 
tion in children.’ In neonates, how- 
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Direct Response and R, and R, of the Blink Reflex (Mean + SD) in 30 Neonates as Compared to 30 Adults’ 


‘Direct Response 


Neonates 
Latency, 


msec 3.30 + 0.44* 


Latency difference 
between two sides in 
the same subject, msec 


Amplitude, mV 


Amplitude ratio 
between two sides in 
the same subject, ` 


right/left 0.95 + 0.56 


*P < 05. 
+P < 01. 


ever, it is also possible that facilita- 
tory influence from a higher level is 
absent or reduced. If so, the central 
reflex pathways may be structurally 
present, yet can not be activated fully. 


It should be noted in this regard that . 


in adults the contralateral R, is more 
difficult to elicit than the ipsilateral 
R, whenever neural excitability is 
diffusely reduced. ° 

Clinical usefulness of tke electri- 
cally elicited blink reflex has previous- 
ly been demonstrated in various 
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0.32 + 0.33% 
0.48 + 0.30 


R, Component 


R, Component 
ipsilateral 
to Stimulus 


co Ne ees 


Adults Neonates 


3.15 + 0.28 12.10 + 0.967 


0.38 + 0.22 
0.77 0.51 + 0.18} 


1.03 + 0.45 1.00 + 0.33 





diseases in adults. We believe that ` 


determination of various aspects of 
R, can also be of value in assessing the 
brain stem and tke trigeminal and 


‘facial nerves in infants, including 


neonates. In contrast, R, is so variable 
and inconsistent in newborn infants 


that not much clinical significance can ` 


be attached to its absence or asym- 
metry at this age. Of the two compo- 
nents of the electrically elicited blink 
reflex, the bilateral R, bears a great 
resemblance in latency and duration 
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Brief Communications Aia Clinical Notes 


The Rebound Phenomenon of Gordon Holmes 


- Ronald W. Angel, MD 


. © Contrary to a prevalent belief, the 
rebound phenomenon of Gordon Holmes 
is not a sign of cerebellar disease. It is 
elicited by having the patient attempt to 
move a limb against resistance. When the 
resistance is suddenly removed, the limb 
normally moves a short distance in the 
desired direction and then rebounds 
(jerks back in the opposite direction). 


Gordon Holmes pointed out that the 


rebound phenomenon is (1) present in 
normal limbs, (2) exaggerated in spastic 
limbs, and (3) absent in limbs affected by 
cerebellar disease. An awareness of 
Holmes’s observations may be helpful in 
the diagnosis of both cerebellar disease 
and spasticity. 
(Arch Neurol 34:250, 1977) 


r 1904, Stewart and Holmes’ de- 
scribed the clinical findings in 40 
cases of cerebellar tumor. Since that 
time, their report has become a 
medical classic, and the term “rebound 
phenomenon” has found its way into 
many textbooks of neurology. Despite 
the clarity of the original description, 
there is widespread confusion about 
the nature and significance of the 
rebound phenomenon. A brief review 
of the reports by Gordon Holmes will 
serve to dispel the confusion and make 
the neurological examination more 
rewarding. It will also direct attention 
to a neglected clinical sign, not of 
cerebellar disease, but of spasticity. 


THE REBOUND PHENOMENON - 


In their paper of 1904, Stewart and 
Holmes wrote as follows: 


There is one phenomenon which we have 
repeatedly observed associated with, and 
apparently due to, hypotonia. When a 
person attempts to execute a movement 
against resistance with a normal limb, and 
the resistance is suddenly removed, the 
limb rapidly moves a short distance in the 
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desired direction till abruptly checked, or it 
may recoil. In a spastic limb the amount of 
recoil is excessive; in functional cases there 
may be neither primary movement nor 


recoil. In homolateral cerebellar disease the © 
range of movement is excessive, generally . 


continued till it is no longer mechanically 
possible, and there is little or no recoil. The 


absence of recoil must be attributed to the ` 


inability of the antagonistic muscles to 
react in tone to the sudden strain to which 
they are exposed (reflex muscle tone). 


Three points are worth noting. The 


rebound phenomenon (here desig- 
nated by the term. ' 
present in normal limbs, (2) exagger- 
ated in spastic limbs, and (8) absent in 
limbs affected by cerebellar disease. 
During World War I, Holmes? 


observed the signs of acute cerebellar — 


injuries due to gunshot wounds. 
Again, he described the method of 
eliciting the check reflex, pointing out 
that “the rebound -is excessive in 
spastic limbs” but absent in cases of 
cerebellar injury. 


` The absence of this rebound may be 


demonstrated in various other actions... It 
occurs only on the same side as the lesion 
when this is unilateral, but.it may be seen 
on both sides when the wound is bilat- 
eral, 


Five years later, Holmes made the 


same points in his Croonian lec- 


tures.” ` 


If the resistance that effectively prevents 


a movement of a normal limb in response- 


to a strong voluntary effort be suddenly 
released, the limb, after moving a short 
distance in the desired direction; is 
arrested abruptly by the contraction of the 
antagonist muscles, or it may even jerk 


back or rebound. This sudden arrest fails ` 


frequently in cerebellar disease. 


There is no ambiguity in any of the 
descriptions quoted above. Holmes 


makes it clear that rebound does not- 
occur in limbs affected by cerebellar. 


disease. Nevertheless, subsequent au- 
thors seem to have missed the point. 
For example, one recent textbook’ 
says the following: 


. The rebound phenomenon appears to be 


the result of hypotonia plus slowness in 


‘recoil”) is (1): 


checking a movement. It is tested by 
having the patient flex the arm against 
resistance. When the resistance is suddenly 
removed, the extremity rebounds marked- 
ly before it can be checked. 


The same confusion is enshrined in a 
more recent text.§ 


The cerebellar disturbance so alters recip- 
rocal innervation that the antagonistic 
muscles. cannot. be innervated quickly 


- enough to prevent violent rebound. 


THE PROBLEM OF SEMANTICS 


One could argue that the discrepan- 
ey is merely semantic. Whereas | 


‘Holmes used the term “rebound” in its 


accepted sense, to mean a reversal or 
change in the direction of limb move- . 
ment, subsequent authors use it to 
mean a continuation of movement in - 
the original or “desired” direction. If 
the confusion is only a matter of 
words, why should one try to clear it 
up? Because it tends to: obscure the 


points made by Holmes. The impor- 


tant sign of cerebellar disease is 
impairment of the check reflex, which ' 
is the inability to arrest the limb after 
it is released sudcenly. Rebound, in 
Holmes’s sense of the term, occurs in 
normal limbs and is exaggerated in 
cases of spasticity. 

During the clinical examination, 
one tends to see what he is trained to 
see. Therefore, the examiner who is 
not aware of Holmes’s observations 
may not observe the rebound phenom- 
enon in normal limbs. Moreover, he 
may fail to detect a valuable sign in 
cases of spasticity. 
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Spontaneous Dissecting Aneurysm 


of the Internal Carotid Artery 


Norman S. Roome Jr, MD; Donald C. Aberfeld, MD 


è A case of a spontaneous dissecting 
aneurysm of the left internal carotid artery 
in a 48-year-old woman was treated by 
endarterectomy. We review the literature 
and discuss the pathogenesis. 

(Arch Neurol 34:251-252, 1977) 


pontaneous dissecting aneurysm of 
the extracranial segment of the 
internal carotid artery is rare, with 
only 15 cases reported." Narrowing 
of the internal carotid artery produces 
no distinctive clinical features. Pa- 
tients remain asymptomatic or have 
neurological deficit secondary to cere- 
bral ischemia. Diagnosis depends on 
direct confirmation of clinical and 
angiographic findings at surgery or 
postmortem examination. 


REPORT OF A CASE 


A 48-year-old right-handed woman was 
hospitalized because of blurred vision in 
the left eye and right hemiparesis. On the 
previous day, she experienced sudden 
sharp pain in the left ear after blowing her 
nose forcefully and repeatedly. Several 
minutes later, her vision became blurred in 
the left eye, she could no longer speak, and 
weakness in the right arm and leg devel- 
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oped. She recovered the ability to speak 
before being admitted to the hospital and 
noted during that time that vision in the 
left eye fluctuated. In the past, the patient 
had suffered from occasional, moderately 
severe, generalized, nonthrobbing head- 
ache and had been told once that she had 
slightly elevated blood pressure that did 
not require therapy. 

An examination showed an obese, mod- 
erately drowsy woman, with slight expres- 
sive aphasia. Her blood pressure was 140/ 
90 mm Hg. The pulsations of the carotid 
and temporal arteries were strong and 
symmetrical. There were no carotid bruits. 
The visual fields were normal on confron- 
tation, but vision in the left eye was 
described as slightly blurred. There was 
slight weakness of the right lower portion 
of the face, right arm, and right leg. 
Tendon reflexes were decreased on the 
right side, and the plantar response was 
flexor bilaterally. The rest of the neurolog- 
ical examination results were normal. 
Routine blood chemistry studies and urine 
examinations and a three-hour glucose 
tolerance test were normal. The ECG was 
normal. The EEG showed an increase in 
activity, 4 to 6 eps, over the left hemi- 
sphere, and a brain scan with technetium 
Te 99m disclosed increased radioisotope 
uptake in the left central area. Four-vessel 
cerebral arteriography showed a consid- 
erable segmental narrowing of the distal 
extracranial portion of the left internal 
carotid artery (Figure), with normal intra- 
cerebral vessel opacification. 

At operation, no major abnormal ana- 
tomical variations were present. At a point 
approximately 5 cm from its origin with 


the common carotid artery, an elliptical 
ballooning was present in the internal 
carotid artery. This area had a dark bluish 
discoloration, measuring 3 cm at its widest 
diameter and extending to the base of the 
skull. After administration of heparin, the 
internal carotid artery was opened by an 
incision extending into the area of dilation. 
A subintimal dissection was present. The 
intima was slightly thickened and the site 
of moderate arteriosclerotic changes. 
Thrombus occupied a subintimal position 
throughout the area of dilation. An endar- 
terectomy was performed, and the entire 
subintimal dissection was removed. The 
artery was closed without patching. Good 
blood flow was reestablished through the 
area of endarterectomy. Postoperatively, 
the patient had an uneventful convales- 
cence. Slight residual right-sided weakness 
was the only persistent neurological defi- 
cit. Repeat arteriography six months later 
showed a widely patent internal carotid 
artery with minimal (less than 20%) nar- 
rowing at the site of endarterectomy. 


COMMENT 


The 15 previously reported patients 
were all adults, more than half of 
them were below 50 years of age, with 
a slight preponderance of males. In 
one patient, the lesion was bilateral, 
the two arteries affected at different 
times’ and, in one patient, there were 
two separate lesions, one involving the 
common carotid and the other the 
internal carotid on the same side. 
There was no preferential lateraliza- 
tion of the lesion. The systolic blood 
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X-ray film from left carotid arteriogram showing considerable segmental 
narrowing of distal extracranial internal carotid artery. 


pressure was more than 140 mm Hg in 
six patients, and diastolic blood pres- 
sure was above 100 mm Hg in four. 
Diabetes mellitus was not reported in 
any of the patients. 

Arteriographic examination showed 
tapering of the lumen of the artery 
over a segment longer than usually 
seen with an arteriosclerotic plaque. 
The contrast medium may penetrate 
into the area of dissection and even 
show its progression. The narrowed 
arterial lumen does not extend intra- 
cranially and appears limited mechan- 
ically by the carotid canal. 
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On microscopic examination, the 
major abnormality reported was in 
the media and consisted of cystic 
necrosis and degeneration of elastic 
and muscle fibers, with an increase in 
ground substance. In seven patients, 
similar changes were found in other 
major arteries. No such changes were 
demonstrated in our patient. 

The very rare occurrence of sponta- 
neous dissecting aneurysm of the 
extracranial segment of the internal 
carotid artery as compared to the 
aorta suggests that the carotid in- 
volvement may be precipitated by 


special local, perhaps mechanical fac- 
tors. In our patient, this view is 
supported by the close temporal rela- 
tionship between repeated forceful 
nose blowing and the onset of neuro- 
logical deficit. During extension or 
rotation of the neck, the carotid artery 
may be stretched over the transverse 
processes of the first two cervical 
vertebrae. It has been suggested that 
when this happens suddenly, damage 
to the wall of the artery may result.’ A 
forceful Valsalva maneuver should 
also be considered as a contributing 
factor. 

Due to the small number of reported 
cases, the natural course of the disease 
has not been determined. In older 
patients, the diagnosis may be missed 
because of the reluctance to study 
them angiographically, accounting for 
the preponderance of younger individ- 
uals among the patients reported to 
date. Those patients managed surgi- 
cally have recovered without complica- 
tions. Endarterectomy was employed 
successfully in this case. 


Nonproprietary Name and 
Trademarks of Drug 


Technetium Te 99m—Elutex, Minitec, Nei- 
motec, Technetope. 
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Cranial Computerized Tomography and the 


Postenhancement Abdominal 


Roentgenogram 


Leo A. Millemen, MD 


è Cranial computerized tomography of- 
ten utilizes injected iodinated agents for 
contrast enhancement. Exposure of an 
abdominal flat plate roentgenogram after 
such a procedure may uncover silent 
urinary tract anomalies. We discuss a 
case in point. 

(Arch Neurol 34:253, 1977) 


M? radiologists take advantage 
of already circulating iodinated 
compounds to examine the urinary 
tract after cerebral angiography. This 
diagnostic sequence seems not yet to 
be routinely employed after enhanced 
cranial computerized tomography, 
(CCT), even though the amount of 
intravenous contrast agent given (50 
to 70 ml) is similar to the amount used 
in excretory pyelography. 

The following case report empha- 
sizes the desirability of exposing a 
routine roentgenogram of the ab- 
domen before the patient leaves the 
radiology suite if contrast enhance- 
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Fig 1.—Preliminary cranial computerized 
tomography scan. Note frontal distortion 
of ventricles. 








ment has been used in connection with 


CCT. Silent lesions of the urinary 
tract may be economically shown if 
this is done. 


REPORT OF A CASE 


A 79-year-old man was admitted to 
University Hospitals with a several-month 
history of progressive dementia and 
lethargy. Past medical history was unre- 
markable. The patient was ambulatory but 
confused. Findings from the chest and 
abdominal examinations were unremark- 
able. There was right-sided hyperreflexia. 
Papilledema and bruits were not found. 
Routine blood chemistry studies, a chest 
roentgenogram, and urinalysis were nor- 
mal. Cranial computerized tomography 
showed a mass in the left frontal area 
extending across the midline (Fig 1). 
Seventy milliliters of an iodinated contrast 
agent were injected, and the size and 
borders of the mass were disclosed (Fig 2). 
This was confirmed later by angiography. 
At craniotomic examination, excision of 
the mass was accomplished without inci- 
dent. During pathologic examination, the 
tissue appeared to be of metastatic origin, 
resembling adrenal or kidney tissue. Sub- 
sequent intravenous pyelography, delayed 
for three weeks because of postoperative 
morbidity, showed a persistent ill-defined 
left renal border, quite compatible with a 
primary neoplasm (Fig 3). The diagnosis 


Fig 2.—After contrast enhancement of 
cranial computerized tomography scan. 


was further supported by renal angiogra- 
phy. 


COMMENT 


Had a film of the abdomen been 
obtained immediately following CCT, 
the renal lesion could have been found, 
forewarning the surgeon of the likeli- 
hood of a metastatic lesion to the 
brain. Other diagnostic procedures, 
such as cerebral and renal arteriogra- 
phy, could have been performed simul- 
taneously or in a different time 
sequence, expediting proper recogni- 
tion of the mass and guiding early 
treatment. 

Subsequently, a plain roentgeno- 
gram of the abdomen has been 
exposed in several patients after CCT 
scanning where contrast enhance- 
ment was used. Very satisfactory 
pyelograms have resulted. Similar 
studies after cardiac catheterization 
have shown a 7.7% incidence of silent 
urinary tract anomalies in children. 
The knowledge that a patient has two 
functional kidneys may in itself be 
reason to justify the procedure. 
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Fig 3.—Abdominal roentgenogram from 
intravenous pyelogram showing ill-defined 
renal border (arrow). 
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Signs of Interhemispheric Disconnection 


in Marchiafava-Bignami Disease 


Francois Lhermitte, MD; René Marteau, MD; Michel Serdaru, MD; Francois Chedru, MD 


èe We report three cases of Marchia- 
fava-Bignami disease. The diagnosis was 
made on clinical grounds. Evidence of 
interhemispheric disconnection was 
found in all three cases. This included left 
hand anomia, left-sided apraxia, left-hand 
agraphia, and left-sided pseudoextinction 
to both visual and tactile stimuli. In two 
cases, there was a left-ear extinction on a 
dichotic listening test. 

(Arch Neurol 34:254, 1977) 


ape of interhemispheric discon- 
nection such as reported in split- 
brain patients' were observed in three 
patients with probable Marchiafava- 
Bignami (MB) disease. We thought 
that this unusual (but expected) 
finding could be of interest to physi- 
cians confronted with alcoholic en- 
cephalopathies. 


REPORT OF CASES 


The patients were middle-aged men (45, 
48, and 49 years old), with a long history of 
heavy alcoholic intake and malnutrition. In 
each case, the patient rapidly became 


L  _ 
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comatose and had major or focal epileptic 
attacks. After six to eight days, he grad- 
ually recovered, and examination showed 
astasia abasia, gegenhalten, bilateral 
grasping, slurred speech, bilateral Babin- 
ski sign, apathia (with occasional eupho- 
ria), and mild intellectual impairment with 
memory disturbances. No ocular motor 
disturbance was noted (neither was it 
mentioned earlier). Blood glucose, serum 
electrolyte, pyruvic acid, and CSF levels 
were within normal limits, as were results 
of liver function tests (including a normal 
blood ammonia level). An EEG, brain scan, 
and carotid arteriogram were unremark- 
able. 

Those three cases were similar to some 
of the anatomically confirmed cases of MB 
disease.2* The involvement of callosal 
fibers in this disorder prompted us to look 
for signs of interhemispheric disconnec- 
tion. Specific investigations were therefore 
carried out as patients had further im- 
proved (three weeks to two months later). 
These disclosed (1) a left-hand anomia, ie, 
an inability to name objects placed in the 
left hand while there was neither aphasia 
nor sensory impairment (wrongly named 
objects were inconstantly correctly 
handled), (2) a left-sided apraxia, ie, an 
inability to carry out meaningful gestures 
with the left hand to verbal command, (3) a 
left-hand agraphia that was characterized 
by aphasic words or incorrectly formed 
letters, and (4) a left-sided “pseudo-extine- 
tion” (the patients often did not report 
[verbally] stimuli presented in their left 
visual fields or on their left hands but they 


did not fail when asked to respond with the 
raising of their left hands). In addition, in 
two patients, further testing demonstrated 
left ear extinction (dichotic listening) and 
inability to name pictures or words flashed 
in the left visual field. 


COMMENT 


The reported signs can be best 
accounted for by lesions of the inter- 
hemispheric callosal fibers.* Lecheval- 
lier’ recently reported some of these 
in an anatomically ascertained case of 
MB disease. Our observations seem to 
confirm that an interhemispheric dis- 
connection syndrome can occur in this 
disorder. 
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Fenfluramine Hydrochloride Treatment 


of Parkinsonism 


Barbara L. Beasley, MD; Roger W. Davenport, MD; Thomas N. Chase, MD 


è The oral administration of fenfluram- 
ine hydrochloride, which acts centrally to 
augment serotonin-mediated synaptic 
function, did not alter extrapyramidal 
signs in either untreated or levodopa- 
treated parkinsonian patients. These 
results support the contention that bio- 
chemical indices of serotonergic dysfunc- 
tion in Parkinson disease do not reflect a 
critical role for serotonin-containing neu- 
ral systems in the pathophysiology of 
parkinsonism and that serotonin-active 
drugs afford no significant therapeutic 
benefit to patients with this disorder. 

(Arch Neurol 34:255-256, 1977) 
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BRB" clinical and preclinical evi- 
dence suggest that diminished 
serotonin-mediated neural function 
may contribute to the pathogenesis of 
parkinsonian symptoms. Unilaterally 
placed mesencephalic lesions in vari- 
ous animal species produce parkinson- 
ian-like signs in the contralateral 
limbs and reduce serotonin levels in 
the ipsilateral striatum.'* In some 
instances, these extrapyramidal signs 
can be suppressed by treatment with 
the serotonin precursor, 5-hydroxy- 
tryptophan.* Autopsy studies in pa- 
tients who died with Parkinson dis- 
ease have shown that serotonin con- 
centrations are markedly diminished 
in the striatum, globus pallidus, and 
substantia nigra.‘ Moreover, the re- 
duction in central serotonin metabo- 
lism, as estimated by the probenecid 
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technique, appears closely related to 
the severity of parkinsonian rigidity 
and akinesia.° 

In an attempt to further delineate 
the role of serotonergic mechanisms 
in parkinsonism and to evaluate the 
clinical efficacy of a potential adjunct 
to current therapy, a double-blind 
drug study was conducted in parkin- 
sonian patients with fenfluramine 
hydrochloride (Pondimin), a drug 
known to potentiate serotonin-me- 
diated synaptic transmission. 


PATIENTS AND METHODS 


Ten patients (five men and five women 
with an age range of 47 to 76 years) with 
idiopathic Parkinson disease consented to 
participate in this study after full disclo- 
sure of its purposes, risks, and potential 
benefits. Five of these individuals contin- 
ued to receive optimal dose levels of their 
antiparkinsonian medications: levodopa 
alone (1.25 and 2.0 gm/day) in two 
patients; levodopa (4.0 and 4.5 gm/day) 
plus trihexyphenidyl hydrochloride (Ar- 
tane) in two patients; and levodopa (1.0 
gm/day) plus carbidopa and trihexyphen- 
idyl in one patient. The remaining five 
individuals received no drugs other than 
fenfluramine throughout the study. All 
study patients were given a course of 
fenfluramine and placebo treatment, in 
random order, each lasting two weeks. 
Fenfluramine hydrochloride was initiated 
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Effect of Fenfluramine Hydrochloride on Cardinal Parkinsonian Signs 


No. of 
Patients 


Baseline 
Drugs Added Drugs 
Placebo 


Fenfluramine 
hydrochloride 


Difference 
Placebo 


Fenfluramine 
hydrochloride 


Difference 





Levodopa 


Tremor” Rigidity* Bradykinesia* 





*Severity rated on a scale of 0 (absent) to 4 (very severe). 


at a single dose of 20 mg/day and increased 
over a four-day period to a maintenance 
level of 20 mg four times a day. Identically 
appearing placebo tablets were adminis- 
tered on the same schedule. All patients 
were evaluated neurologically at weekly 
intervals by a single observer who was 
unaware of their treatment status. 


RESULTS 


The administration of fenfluramine 
to otherwise untreated parkinsonian 
patients, as well as to those who 
continued to receive optimal dose 
levels of levodopa, produced no consis- 
tent change in cardinal parkinsonian 
signs (Table). One individual, who 
manifested an “on-off” response to 
levodopa therapy, also remained es- 
sentially unchanged on the addition of 
fenfluramine treatment. No signifi- 
cant adverse effects attended fenflu- 
ramine treatment. 
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COMMENT 


Fenfluramine is a trifluoromethyl 
substituted analogue of amphetamine 
with well-documented anorectic ef- 
fects in man.: Studies in the ex- 
perimental animal indicate that 
fenfluramine potentiates serotonin- 
mediated synaptic function by inhibi- 
ting the reuptake of serotonin re- 
leased into the synaptic cleft or by 
stimulating postsynaptic serotonin re- 
ceptors.** Fenfluramine administra- 
tion to man, at dose levels used in this 
study, has been shown to substantially 
reduce lumbar CSF levels of the sero- 
tonin metabolite, 5-hydroxyindoleace- 
tic acid®; this effect is consistent with 
either of the proposed central mech- 
anisms of action of fenfluramine. 

The present results add further 
evidence to the view that serotonergic 
function plays no significant role in 
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the pathogenesis of human parkinson- 
ism. Previous clinical studies involv- 
ing the administration of the dietary 
precursor of serotonin, L-tryptophan,” 
or an inhibitor of serotonin synthesis, 
p-chlorophenylalanine,”’ also failed to 
demonstrate altered extrapyramidal 
function in patients with Parkinson 
disease. Although treatment with 
high doses of L-tryptophan together 
with pyridoxine hydrochloride" or 5- 
hydroxytryptophan in combination 
with a peripheral decarboxylase inhib- 
itor exacerbated parkinsonian signs," 
these results probably reflect a reduc- 
tion in dopaminergic function due to 
competition between the precursors of 
serotonin and dopamine for uptake 
and metabolism in the central nervous 
system. Conceivably, biochemical evi- 
dence of serotonin dysfunction in 
patients with Parkinson disease may 
reflect on a secondary or compensa- 
tory response to the primary changes 
affecting the dopamine system. 
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Letters to the Editor 


Progressive Spastic Paraparesis 


To the Editor.—Relative to the article 
“Progressive Spastic Paraparesis and 
Adrenal Insufficiency” by Gumbinas 
and associates published in the Octo- 
ber issue of the ARCHIVES (33:678, 
1976), I take the liberty to add that in 
the article “Atrophie idiopathique des 
surrénales et sclerose combinée de la 
moelle épinière” by M. Bedivan, A. 
Negoescu, and O. Vuia, published in 
Revue Roumaine  d’endocrinologie 
(6:239-242, 1969), the authors de- 
scribed the same pathological features 
as those found by Gumbinas et al. 
Therefore, I agree with the authors’ 
conclusions that the appearance of 
adrenal insufficiency with spastic 
paraparesis is a distinct disease. 


Dr O. Vuia 
Alter wetzlar weg 43 
63 Giessen, West Germany 


Dissociative Alexia 


To the Editor.—The syndrome of 
alexia without agraphia has been 
encountered many times since Kuss- 
maul’ first recognized that alexia may 
exist as an isolated symptom without 
associated visual loss, aphasia, or 
dementia. The anatomic basis of the 
syndrome was described by Déjerine? 
and more recently elaborated by 
Geschwind.* To my knowledge, all 
reported “pure” cases have docu- 
mented alexia in one language only. 

I recently observed a case of a 57- 
year-old right-handed native Amer- 
ican male who was rendered alexic in 
two languages, English and French, 
by a left occipital lobe infarction. The 
degree of reading difficulty, however, 
was quite different in each of the 
languages affected, being greatest in 
his native English and much less 
severe in French of which he had 
attained a reading, writing, and 
speaking knowledge while at high 
school and college. 

There was no associated agraphia or 
aphasia. He had a right homonymous 
hemianopia, but the remainder of the 
neurological examination was unre- 
markable. 
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The patient had previously read 
English and French, in that order of 
facility, so that the alexia affected the 
languages in the reverse order of their 
fluency. 

One explanation for the dissociative 
alexia encountered is that reading 
lateralized in proportion to training, 
with the most severely affected and 
strongest lateralized language being 
the one that was read most fluently. 
This pattern is generally not seen in 
aphasia, in which in most cases the 
language used most is the one 
retained best.’ 

It is tempting to speculate that so 
far as reading is concerned, later 
language acquisitions may be more 
bilaterally represented in the brain. 
Moreover, if education does play a role 
in enhancing lateralization, a question 
raised by this case is whether there is 
a difference in the effect of oral vs 
written training. 


A. F. WECHSLER, MD 

Neurology and Research Services 
VA Wadsworth Hosp Center 
Dept of Neurology 

UCLA School of Med 

Los Angeles, CA 90073 
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Pseudotumor and Nitrofurantoin 
Therapy 


To the Editor.—The association of 
benign increased intracranial pres- 
sure with nitrofurantoin therapy is 
reportedly unusual. 

Recently we examined a 23-year-old 
woman who complained of intermit- 
tent headache, drowsiness, photopho- 
bia, and diplopia, which occurred early 
during a ten-day treatment of cystitis 
with a nitrofurantoin preparation 
(Macrodantin, 50 mg four times daily). 


She was obese, and cyclic hypermen- 
orrhea had recurred for several years. 
She was not taking vitamins or any 
other medications. 

Examination revealed an obese 
woman with bilateral papilledema, 
scattered retinal hemorrhages, bilat- 
eral abducens nerve pareses, and no 
focal neurologic findings. Blood pres- 
sure was 160/90 mm Hg. 

Computerized tomographic scan 
with and without enhancement dem- 
onstrated a small symmetric lateral 
ventricular system. The cerebral spi- 
nal fluid was less than 330 mm H,O in 
pressure and contained 96 mg/100 ml 
of sugar, 16 mg/100 ml of protein, two 
lymphocytes, and one RBC. 

The patient was treated with dexa- 
methasone (Decadron) and experi- 
enced a gradual disappearance of 
headache, papilledema, and, over a 
four-week period, clearing of the sixth 
nerve pareses. 

Review of the literature revealed a 
single report of benign increased 
intracranial hypertension associated 
with nitrofurantoin (Furadantin) 
therapy in a 10-month-old infant.’ 
This group of drugs is known to be 
associated with headache and drowsi- 
ness, suggesting the possibility of 
evanescent increased intracranial 
pressure, which may proceed to the 
pseudotumor syndrome in an other- 
wise susceptible individual. 


G. R. Musuet, MD 
1003 CHAFEE AVE 
Augusta, GA 30904 
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Prenatal Diagnosis of 
Mucolipidosis IV 


To the Editor.—In our recent article on 
mucolipidosis IV (Arch Neurol 33:828, 
1976), we reported that the mother’s 
skin fibroblasts in tissue culture 
contained a few dense inclusions 
resembling the numerous inclusions 
found in her child’s neurons and fibro- 
blasts. We now report that in a second 
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culture neither her fibroblasts nor 
those of the child’s father contained 
any abnormal inclusions. The fibro- 
blasts of these two obligate heterozy- 
gotes could not be distinguished on 
morphological grounds from those 
grown simultaneously from a normal 
control subject. 

These observations have implica- 
tions for prenatal diagnosis. Kohn et 
al' (and personal communication) have 
monitored two pregnancies at risk for 
mucolipidosis IV. One homozygous 
fetus was detected on the basis of 
inclusions in amniotic cells, and one 
fetus was correctly predicted as clini- 
cally normal because of the absence of 
such inclusions. Our new findings of 
morphologically normal fibroblasts in 
the parents of a child with mucolipi- 
dosis IV suggest that the theoretical 
possibility raised by our earlier results 
of falsely detecting a heterozygous 
fetus as homozygously affected proba- 
bly does not exist. Parents at risk of 
having another child with mucolipi- 
dosis IV can be offered prenatal diag- 
nosis based on morphological criteria 
in amniotic cells as a realistic option. 


I. TELLEZ-NAGEL, MD 

Dept of Medicine 

I. Rapin, MD 

Dept of Pediatrics 

Rose F. Kennedy Center 
for Research in Mental 
Retardation and Human 
Development 

Albert Einstein College 
of Medicine 

New York, NY 10461 
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Locked-in Syndrome After “Swine 
Flu” Inoculation 


To the Editor.-Swine influenza vacci- 
nation has been implicated as a 
possible cause of the Guillain-Barre 
syndrome.’ Encephalomyelitis fol- 
lowing bivalent influenza vaccine was 
reported in a patient in 1972 by Yahr 
and Lobo-Antunes.* We recently saw 
a patient with probable brain stem 
encephalitis 18 days after receiving 
swine flu vaccine. His clinical findings 
were compatible with a brain stem 
lesion and included the locked-in 
syndrome and downward gaze. This 
state was present for one month and 
then the patient began to improve. 
His eye movements returned to nor- 
mal. He can now move all limbs voli- 
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tionally. The clinical improvement 
plus investigative studies tended to 
rule out mass lesion or vascular 
lesions. Until recently all cases of 
locked-in syndrome have been re- 
ported with structural lesions.*™® How- 
ever, there was a recent case report 
without the structural change of 
tumor or vascular damage.’ Our 
patient may be the first with a revers- 
ible course. 


Report of a Case.—A healthy 25-year-old 
man received a swine flu inoculation 
(monovalent) on Nov 10, 1976. Eighteen 
days later he was brought by friends to 
Denver’s Mercy Hospital because of 
bizarre and combative behavior and fever 
(39 C). Spinal fluid studies done on the day 
of admission showed no cells, but a protein 
content of 96 mg/100ml. Subsequent 
cultures were negative. Within two days, 
he became progressively weak in all limbs 
and stopped speaking. 

Neurological examination several days 
after admission revealed a mute patient 
with quadriparesis, and sustained down- 
ward gaze. He did open and close his 
eyelids volitionally and in this way he was 
able to communicate with the staff. 

Investigative procedure included two 
normal computerized tomographic scans, 
mild generalized slowing of EEG, normal 
nuclide brain scan and skull roentgeno- 
gram. Four-vessel arteriography done on 
Dec 2, 1976, indicated compression of the 
basilar artery against the clivus, anterior 
displacement of the tonsillar loop of the 
posterior inferior cerebellar arteries, and 
elevation of the right superior cerebellar 
artery suggestive of a right cerebellar 
mass lesion. Craniectomy was done for 
possible cerebellar abscess. The biopsy 
showed only nonspecific changes thought 
to be ischemic. 

One month after admission, he began to 
show gradual improvement. His eye move- 
ments returned to normal and his motor 
power improved remarkably. He remains 
nearly mute however. 


M. CHERINGTON, MD 

Dept of Neurology 

Univ of Colorado Med Center 
Denver, CO 80262 
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Morphological Basis of Late 
Component Potentials in Duchenne 
Dystrophy 


To the Editor.—In their recent article 
(Arch Neurol 33:642, 1976) Desmedt 
and Borenstein claim that regenera- 
tion in Duchenne dystrophy involves 
collateral sprouting of motor axons. 
This is a sensible hypothesis since late 
component potentials were identified 
both in this disease and in partial 
denervation, in which collateral rein- 
nervation is well documented. Unfor- 
tunately, Desmedt and Borenstein’s 
statement is not supported by rele- 
vant morphological data as far as 
Duchenne dystrophy is concerned. 

Morphometric study of intramus- 
cular nerve fibers and endings has 
clearly established that there was no 
increased collateral ramification of 
subterminal motor axons in this condi- 
tion. The mean value of terminal 
innervation ratio in our present series 
of 18 biopsies (1.12 + 0.06) is not 
significantly different from that of 
controls (P > .2). 

Of course, this finding does not rule 
out the possibility of axonal sprouting 
occuring more proximally in intra- 
muscular nerves or in nerve trunks, 
but there is so far no histological 
evidence of this process. 

As a matter of fact, the late compo- 
nent potentials identified by Desmedt 
and Borenstein can be explained by 
other morphological changes than col- 
lateral reinnervation. We have noticed 
in Duchenne dystrophy a very marked 
enlargement of the terminal innerva- 
tion area, which in normal muscles 
never exceeds 1 mm. In dystrophic 
muscles, the longitudinal scatter of 
motor end plates may reach 10 mm. 
The distant end plates are innervated 
by axons running along muscle fibers 
without branching excessively (these 
findings will be published in detail). 
The dispersion of motor end plates 
together with slowing of conduction 
velocity both in wandering axons and 
in atrophic muscle fibers? may account 
for the desynchronization of motor 
unit action potentials including the 
late components. 

It seems likely that the finality of 
collateral sprouting is to compensate 
the loss of motor axons, which charac- 
terizes lower motor neurone and 
peripheral nerve disorders. In muscu- 
lar dystrophy, such an axonal loss does 
not take place. On the contrary, a very 
dense innervation persists in atrophic 
muscles having been deprived of 
many muscle fibers and there is an 
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excess of motor axons, many of them 
having lost their muscle fiber. It is 
easy on methylene blue preparations 
to follow these unemployed nerve 
fibers running freely and ending 
blindly in connective tissue. It may be 
assumed that if denervation of muscle 
fiber segments actually takes place, 
the unemployed axons available in the 
vicinity of these denervated segments 
could well be accepted and form 
ectopic end plates. 

Another possibility is that the 
dispersion of motor end plates is 
simply related to the longitudinal 
displacement of transected muscle 
fibers resulting from focal necrosis. 

In any case, there is apparently no 
need for collateral sprouting in mus- 
cles having a redundant innervation, 
and this is in agreement with histolog- 
ical evidence. 

According to morphological data, 
we may conclude that the late compo- 
nent potentials found in Duchenne 
dystrophy merely reflect various fac- 
tors of desynchronization of motor 
unit action potentials, ineluding 
marked longitudinal dispersion of mo- 
tor end plates, and do not involve 
collateral sprouting to a significant 
extent. 


C. Corrs, MD 

Dept of Neurology 
Hôpital Brugmann 
1020 Brussels, Belgium 
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In Reply.—The comments by Dr Coërs 
relate to questions that we of course 
considered in detail when we first 
found the significantly increased inci- 
dence of linked potentials associated 
with the myopathie motor units in 
muscles with Duchenne muscular dys- 
trophy (DMD)! (Arch Neurol 33:642, 
1976). We concur in the opinion that 
no motor axon loss takes place in 
DMD, and furthermore that an un- 
employed axonal branch having lost 
its muscle fiber through the dystro- 
phic disintegration process might 
very well take up a new job by inner- 
vating a newly formed muscle fiber 
resulting from either segmental ne- 


crosis or myotube regeneration, as we 


proposed. The issue whether such 
innervation of the newly formed 
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muscle fibers is achieved by axonal 
branches that either belonged to the 
original motor axon arborization or 
represent new collateral sprouts 
thereof is of course pertinent, but 
appears indeed of secondary interest 
with respect to the major problem 
raised by our observations, namely 
that muscle regeneration in DMD (as 
described by Walton and Adams, 
Pearson, and many others; see ref- 
erences in Arch Neurol 33:642, 1976) 
can proceed to a functionally efficient 
stage that includes the activation of 
the newly formed muscle fibers by 
motor axon branches. 

The detailed analysis of single 
motor unit potentials indicates that 
the linked potential cannot be inter- 
preted as a mere second discharge of 
one (or more) muscle fibers belonging 
to the original motor unit: the linked 
potential can be larger or smaller, and 
the respective waveforms of the main 
motor unit potential and of its linked 
potential do not change in parallel 
when the electrode is slightly moved 
(Fig 1 and 2 in Arch Neurol 33:642, 
1976). 

Linked potentials of the motor unit 
that occur after latencies sometimes 
exceeding 40 msec and that present 
neuromuscular jitter and blockings 
(Fig 4, D in Arch Neurol 33:642, 1976) 
cannot reasonably be dismissed as 
resulting from mere ‘“desynchroniza- 
tion” of the original motor unit poten- 
tial through muscle fiber loss, as Dr 
Coérs seems to imply. The fact that 
histologists have so far failed to 
obtain morphological evidence for col- 
lateral innervation of newly formed 
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muscle fibers in DMD can indeed 
receive several explanations besides a 
lack of specific search for this item. 
Collateral branches of motor axons 
can arise already at some distance 
from the innervated muscle.? Further- 
more, the histologists have a severe 
sampling problem, which is acknowl- 
edged by authorities like Dr Ray 
Adams, and they only look at a limited 
portion of the (very long) muscle 
fibers, thereby failing to appreciate 
the true extent of motor axons’ 
branches and motor unit territory, 
especially in diseased muscles. The 
dystrophic alterations, muscle fiber 
loss, and muscle fiber regeneration 
appear to produce more complex situa- 
tions than hitherto believed and these 
must be approached with an open 
mind. After all, we only found the 
linked potentials in muscular dystro- 
phy in 1973 and we think that our 
detailed quantitative analysis of 500 
single motor units in DMD opens up 
tremendous possibilities that have to 
be carefully assessed in order to 
upgrade current understanding of the 
dystrophic disorder. 


J. E. DESMEDT, MD 

S. BORENSTEIN, MD 

Brain Research Unit of the Univ 
of Brussels, 

115 Blvd de Waterloo 

B-1000 Brussels, Belgium 
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Myasthenia Gravis: 
Autoimmunity and Autosuggestion 


As I listened to the lecture, 

I was more and more distressed: 
My lids were drooping downward, 
And my chin dropped on my chest. 


My eyes had crossed, my limbs felt weak, 
I was sagging in a heap. 

My God! Was I myasthenic? 

No, thank God, I was asleep. 


DAvID GOLDBLATT, MD 
Rochester, NY 
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Third Annual Colby Ophthalmology 
Seminar.—Colby College, in conjunc- 
tion with the Mid-Maine Medical 
Center, Waterville, Me, will present a 
four day postgraduate seminar 
entitled ‘“Neuro-Ophthalmology—Old 
Truths and New Horizons” on Aug 7 
through 11, 1977. An outstanding 
faculty, including Drs David Cogan, 
Andrew Gay, Joel Glaser, John Kelt- 
ner, and Norman Schatz, will discuss a 
wide range of topics in this field, with 
emphasis on current concepts of diag- 
nosis and management. Lectures will 
be amplified by panel discussions, 
question and answer sessions, and 
case presentations. For information 
write Robert Kany, Director of Spe- 
cial Programs, Colby College, Wa- 
terville, ME 04901. 


Amyotrophic Lateral Sclerosis Society 
of American Names New Members to 
Scientific Advisory Committee.—Dr 
Bruce S. Schoenberg, National Insti- 
tute of Neurological and Communica- 
tive Disorders and Stroke, and Dr 
Joseph P. Van Der Meulen, chairman 
of the Neurology Department at Los 
Angeles County-University of South- 
ern California Medical Center, have 
been named ,to the scientific advisory 
committee of ALSSOA. 


Teratology Society 1977 Annual Meet- 
ing.—The Teratology Society will hold 
its 17th annual meeting May 15 
through 18, 1977, at the Sheraton Inn/ 
International Conference Center in 
Reston, VA. For further information 
write John L. Sever, MD, PhD, Infec- 
tious Diseases Branch, IR, National 
Institute of Neurological Diseases and 
Stroke, National Institutes of Health, 
Bethesda, MD 20014. 


Symposium on Central Auditory Dys- 
function.—_A symposium on central 
auditory dysfunction will be pre- 
sented on May 19 and 20, 1977, at the 
University of Cincinnati Medical Cen- 
ter, Cincinnati. The purpose is to 
provide a forum on the diagnostic 
approach to problems of central 
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auditory dysfunction. For further de- 
tails and registration information 
contact Robert W. Keith, PhD, Divi- 
sion of Audiology and Speech Patholo- 


gy, University of Cincinnati College. 


of Medicine, 231 Bethesda Ave, Cin- 
cinnati, OH 45267; telephone (513) 872- 
4241. 


American Association of Electromyog- 
raphy and Electrodiagnosis.—The 24th 
annual meeting of the American 
Association of Electromyography and 
Electrodiagnosis will be held in Salt 
Lake City on Sept 30 and Oct 1, 1977. 
The program will include a course on 
electromyography and scientific pre- 
sentations. Abstracts on the following 
subjects may be submitted: electro- 
myography, neuromuscular disorders, 
and basic physiology. Deadline for 
receipt of abstracts is June 1, 1977. 
Forms may be requested from 
Michael Cherington, MD, University 
of Colorado Medical Center, 4200 E 
Ninth Ave, Denver, CO 80262. 


Epilepsy Congresses.—The 13th 
Congress of the International League 
Against Epilepsy and the Ninth Sym- 
posium of the International Bureau 
for Epilepsy will be held at the RAI 
Congress Hall in Amsterdam on Sept 
10, 1977. Themes of the congresses will 
be “Cognition and Epilepsy: School 
and Work,” “Chronic Toxicity of 
Antiepileptic Drugs,” “Metabolites 
and the Mechanism of Action of 
Antiepileptic Drugs,” and “Diagnosis 
of the Structural Basis of Epilepsy, 
Including Diagnostic Techniques.” 

For further information write In- 
ternational Bureau for Epilepsy, 44 
Grays Inn Rd, London, WC1X 8LR, 
England. 


Second National Conference on Hu- 
man Values and Cancer.—The Amer- 
ican Cancer Society’s Second National 
Conference on Human Values and 
Cancer will be held Sept 7 through 9, 
1977, at the Palmer House in Chicago. 
This conference will explore the 
impact of cancer on the patient, the 


family, and the professionals who 
treat the patient. Experts from vari- 
ous disciplines will cover these areas, 
with discussion periods during which 
audience participation is invited. At- 
tendance is open to laymen as well as 
to all members of the medical and 
health professions. There is no regis- 
tration fee, but advance registration 
is requested. 

For further information write 
American Cancer Society, Second Na- 
tional Conference on Human Values 
and Cancer, 777 Third Ave, New York, 
NY 10017. 


Seventh Congress of the European 
Society of Neuroradiology.—The Sev- 
enth Congress of the European Soci- 
ety of Neuroradiology will be held in 
Barcelona, Spain, from Sept 8 through 
10, 1977. Subjects are technical prog- 
ress, new achievements and possibili- 
ties of computerized axial tomogra- 
phy, and neuroradiology in pediatric 
hydrocephalus. For information write 
OTAC, Congress Service Box 22.055, 
Barcelona-15, Spain. 


Virology, Immunology, and Pathology 
Training Program.—A training pro- 
gram sponsored by the National Insti- 
tutes of Health for postdoctoral 
fellows in virology, immunology, and 
pathology of nervous system diseases 
is available at the Neurology Research 
Laboratory, Veterans Administration 
Hospital, San Francisco, CA 94121. 
Interested individuals should contact 
Dr J. Richard Baringer or Kenneth P. 
Johnson at (415) 752-0223. 


Annual Meeting of the International 
Society for Paediatric Neurosurgery.— 
The 1977 annual meeting of the Inter- 
national Society for Paediatric Neuro- 
surgery will be held at the Casa 
Grande Hotel, Guaruja, Brazil, on 
June 26 through 28, 1977. The chair- 
man of the annual meeting is 
Machado de Almeida, and the local 
program chairmen are Raul Carrea 
and Luciano Basauri. 
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Specific vascular changes are revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 


cerebral arteries during a migraine attack. Liquid crystals allow d 
Variations in skin heat loss are registered immediately, enabling 
the coolest temperature, then green, blue, and violet.) 


ifferences in skin temperature to be “mapped” directly on the subject. 
rapid temperature changes to be followed easily. (Red reflects 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
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complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
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addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all 
narcotics, use in early pregnancy only when 
expected benefits outweigh risks. 
Adverse Effects: Nausea, vomiting, diarrhea, 
constipation, anorexia and somnolence may occur 
although unlikely with appropriate dose selection. 

and Administration: Dosage must be 
individualized. The usual adult dose is 2 mg every 


hydromorphone HCI Œ 


For the moderate to severe 
short-term pain you see every day. 
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severe pain. For more severe pain, 3-4 mg or more 
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Treatment of Overdosage: if overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to 
respiration and, if depression occurs, it may be 
antagonized by the use of naloxone hydrochloride 
(Narcan®)—Endo, nalorphine hydrochloride 
(Nalline®)—Merck, Sharp & Dohme or levailorphan 
tartrate (Lorfan®)—Roche, as recommended by the 
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yellow—4 mg. Available in: 1 mg—bottles of 100 
(NDC #0044-1021-02), 2 mg—bottles of 100 (NDC 
+ 0044-1022-02) and 500 (NDC #0044-1022-03), 
3 mg—bottles of 100 (NDC = 0044-1023-02), 
4 mg—bottles of 100 (NDC # 0044-1 024-02) and 
500 (NDC +0044-1024-03). 
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A single daily tablet of 150-mg Endep may become 
the most widely used strength of amitriptyline for the treat- 
+ ment of depressed inpatients. Two such tablets constitute the 
= maximum daily dose of amitriptyline for hospitalized patients. 
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The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,! and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16.2 


Mysoline (primidone) for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!.3.4 and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.6 


Change to Mysoline when other anticonvulsants fail— 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.’ 
Ayerst. 
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Tablets 250 mg. 


(primidone) Sinau 


May be the start of a 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 
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initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE” Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS::Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 

epilepsy and an elevated incidence of birth defects in children 

born to these women. Reference has been made to primidone in 

several cases in which it was used in combination with other 

anticonvulsants; but its teratogenicity has not been conclusively 

demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 

higher incidence of birth defects. The data also indicate that the 

great majority of mothers receiving anticonvulsant medication 

deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 

When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 

Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the following have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINE and toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 

DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 


exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 


Ist Week 2nd Week 
250 mg. daily at bedtime 250 mg. b.i.d. 


3rd Week 4th Week 
250 mg. t.i.d. 250 mg. q.i.d. 





In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or gradually decreased. This regi- 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
e for initiation of combination therapy 
e during “transfer” therapy 
e for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures (menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets —No. 430—Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000. Alsoin unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone (scored), in bottles of 100 
and 500. MYSOLINE Suspension — No. 3850 —Each 5 cc. ( tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 
Ill., Charles C Thomas, 1972, pp. 6, 7, 584. 2.Grossman, H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C.M.D. 37:49( Jan.) 1970. 5. Forster, 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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Posed by professional models. 








imbalance 


a central problem 
in the management of Parkinson’s disease 





by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 


See last page of advertisement for brief summary of prescribin g information. 


a combination of 
carbidopa and levodopa 





Sineme 


can mean a world of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 
often depends on proper dosage 





Start with SINEMET-25/250 $50 mg levodopa 0 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


ERCK Seef K e j l eo ys E TE | 
See following page for brief summary of prescribing intorme 
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Carbidopa: a key ingredient in SINEMET 


When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. See the Warnings 
(below) and Dosage and Administration sections in the full pre- 
scribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
given concomitantly. MAO inhibitors must be discontinued at least 
2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage. (See Dosage and Administration section of full prescribing 
information.) Patients taking SINEMET should be instructed not to 
take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require dosage 
reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 
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Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during period of 
initial dosage adjustment, in a facility with provisions for intensive 
cardiac care. 

As with levodopa, there is possibility of upper G.1. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects ofẹ 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary, 
and patients should be carefully observed for loss of antiparkin- 
sonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and 
dizziness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucinations 
and delusions, agitation and anxiety, malaise, fatigue, euphoria, 
muscle twitching and blepharospasm (may be taken as an early 
sign of excess dosage; consider dosage reduction at this time), 
trismus, burning sensation of tongue, bitter taste, diarrhea, consti- 
pation, flatulence, flushing, skin rash, increased sweating, bizarre 
breathing patterns, urinary retention, urinary incontinence, diplo- 
pia, blurred vision, dilated pupils, hot flashes, weight gain or loss, 
dark sweat and/or urine, oculogyric crises, sense of stimulation, 
hiccups, edema, loss of hair, hoarseness, priapism, and activation 
of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, and 
uric acid are lower during administration of SINEMET than with 
levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET- 
25/250 are supplied in bottles of 100. S102 (DC 6834802) MSD 


For more detailed information, consult your MSD repre- ROK 
sentative or see full prescribing information. Merck Sharp è 
& Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486. HM 
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Special Article - 


aT Neuroepidemiology 


Incidents, Incidence, and Coincidence 


'@ Neuroepidemiology is concerned 
with the study of incidents of neurological 


. disease occurring in a community. It 
- deals with the. distribution and dynamics 


of neurological disease In human popula- 
tions and the factors that affect these 
patterns. To estimate the magnitude of the 
disease burden in the population, the 
neuroepidemiologist calculates indices of 
disease, such as mortality, prevalence, 
and incidence, In studying factors asso- 
clated with disease, the investigator must 
establish whether the relationship (1) is 


artifactual, (2) appears to be the result ofa . 


chance occurrence or coincidence, and 
(3) has any biologic significance. The 


clinical neurologist is the central figure in 


neuroepidemliologic investigations. The 
greater the accuracy and completeness of 
the neurologist’s Information, the better 
the quality of neuroepidemlologic studies 
based on these data. 

(Arch Neurol 34:261-265, 1977) 
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Bruce S. Schoenberg, MD 


hat is epidemiology? Some have 

defined it as whatever epidemi- 
ologists do. The word is derived from 
three Greek roots: epi, meaning upon; 
demos, meaning people; and logos, 
meaning a doctrine or science. At 
first, the term was restricted to 
studies of large-scale outbreaks of 
infectious disease in large population 
groups. In more recent times, the 
term has taken on a broader meaning. 
Epidemiology may be defined as the 
study of the distribution and dynam- 
ics of disease in human populations 
and of the factors that affect these 
characteristics. While the clinician is 
concerned with disease in the indi- 
vidual patient, the epidemiologist is 
concerned with incidents of disease 
occurrence within a community. Stud- 
ies of the distribution of a disease 
involve identifying the particular seg- 
ments of the population affected. For 
example, does the disease occur more 


- often in men or in a particular age 


group? Investigations of the dynamics 
of disease address the question of 
whether the disease is changing over 
time. Is it increasing or decreasing? 


_ Are the clinical manifestations chang- 


ing? Disease may be broadly defined 
to include medical abnormalities, acci- 


dents, forms of behavior (eg, drug . 


abuse), etc. The neuroepidemiologist 
is therefore concerned with neurolog- 
ical disorders as they occur in large 
population groups. a 
Epidemiologic studies are useful in 


providing etiologie clues, in estimat- ` 


ing the magnitude of the disease 
burden in the population, in estab- 
lishing an accurate picture of natural 
history, in evaluating the effective- 
ness of health programs aimed at 
prevention and treatment, and in 
planning for the needs of individuals 
affected by disease. Epidemiologic 
investigations may be categorized 


` into four groups: descriptive epidemi- 


ology, analytic epidemiology, experi- 
mental epidemiology, and theoretical 
epidemiology. 


Descriptive (Observational) 
Epidemiology 


This- area describes and character- 
izes observations of disease in human 
populations. Clinical neurology and 
neurosurgery are based on experience, 
which may be gained firsthand by. 
dealing with patients, or it may be 
gained from others by means of 
lectures, textbooks, ete. On the basis 


- of his experience, the clinician reviews 


the patient’s.signs and symptoms, | 
establishes a diagnosis and a progno- 
sis, and institutes appropriate forms 
of therapy. But how representative is 
the physician’s personal experience? 
This is a critical concern for the 
epidemiologist. Referral patterns and 
patient behavior are such that certain 


- physicians may see more or less severe 


forms of a certain disease. Some clini- 
clans may see no cases of a particular 
disease, while another physician. prac- 
ticing in the same community may 
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STUDY DESIGN AND DATA COLLECTION 


EXAMINATION. 





restrict his practice to patients with 
this specific disorder. Some patients 
with the disease may never seek 
medical care. The situation is analo- 
gous to blind men examining differ- 
ent parts of an elephant with each 
coming to an entirely different con- 
clusion as'to the characteristics of the 
beast. To avoid this. problem, the 
neuroepidemiologist attempts to iden- 
tify all cases of a particular neurolog- 
ical disease in a well-defined popula- 
tion. The population may be defined 
by geographic boundaries, by occupa- 
tion (eg, workers in a certain indus- 
try), etc. In attempting to draw 
conclusions from investigating dis- 
ease occurrence in a population, one 
must know the characteristics of the 
population. One might arrive at very 
different findings by examining resi- 
dents of a retirement community as 


contrasted with the inhabitants of a ` 


military base. 
Once the population has been 
defined, one must then characterize 
the disease being investigated. This is 
not as easy a task as it may.appear to 
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MEDICAL RECORDS 


INTERPRETATION 
AND REPORTING 


Fig 1.—Schematic representation of steps required for descriptive neuroepidemiologic investigation. 


be. For example, what are the specific 


signs, symptoms, and laboratory find- 
ings that must be present to enable 
one to make a diagnosis of multiple 
sclerosis? This is particularly difficult 
with regard to neurological diseases 
that quite often do not have pathogno- 
monic signs or symptoms. Because of 
the many subtleties of neurologic 
diagnosis, it is essential for the 
neuroepidemiologist to be thoroughly 
familiar with clinical neurology. Let 
us assume that one has resolved the 
problems of defining the disease and 
the population to be studied. Figure 1 
provides a diagram of how such 
epidemiologic studies are carried out. 

The first step involves physician- 
patient interaction. Information gen- 
erated on the basis of the medical 
history, physical examination, and 
laboratory tests is recorded in the 
medical record together with the 
physician’s diagnosis. These data 
should be gathered and recorded in as 
uniform a manner as possible using a 


standard protocol. The neuroepidemi- 


ologist may examine all individuals 
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CODING 


ANALYSIS 


himself. In practice, this is rarely 
possible, unless one is dealing with a 
small population. More commonly, the 
neuroepidemiologist must rely on rec- 
ords generated by a number of 
different pkysicians. The medical rec- 
ord is designed for purposes of patient 


care, not for epidemiologic research. 


Informatior. available to the clinician 
may not be recorded and hence, is lost 
for subsequent epidemiologic investi- 
gation. The clinical neurologist is thus 
the key provider of neuroepidemio- 
logic data. Unless the neuroepidemio- 
logist himself assumes the role of clin- 
ician, he must rely on the accuracy and 
completeness of data gathered by a 
number of different individuals. __ 

On the basis of information in the 
medical recerd, particular data of 
interest are abstracted according to 
set rules. If the information is not on 
the medical record, it will be lost. This 
abstracting may be done by the 
neuroepidemiologist or by individuals 
specifically trained for this task. 

If a large volume of information is 
to be analyzed, it is converted into a 
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Common Epidemiologic Indices BE 


Mortality measures the frequency of deaths within a specific population and is calcu- 
.- lated for a given time interval and given place. It is often expressed asa : 
mortality rate: deaths from a given disease ‘per 100,000 persons at risk of 
dying of the disease per year. TON 


Prevalence measures the frequency of all current cases of disease within a specific pop- 



















at the same specified time. 










Incidence 


for the first. time per year. 


format that can be interpreted by 
computers or similar types of data 
processing equipment. This process is 
known as coding. Appropriate pro- 
cedures must be formulated to analyze 
the coded information and produce 
the desired tabulations. These tabula- 
tions must then be interpreted and 
reported. Along the way, there are 
many opportunities for error. The 
results of the most sophisticated anal- 
ysis are no better than the quality of 


-the original data. This problem was 


recognized earlier in this century by 
the British statistician, Sir Josiah 
Stamp, who wrote: 


The government [statisticians] are very 
keen on amassing statistics—they collect 
them, add them, raise them to the nth 
power, take the cube root and prepare 
wonderful diagrams. But what you must 
never forget is that every one of those 
figures comes in the first instance from 
the... village watchman, who puts down 
what he damn pleases.' - 


For neuroepidemiologic studies, the 
clinician represents the village watch- 
man. The greater the accuracy and 
completeness of the neurologist’s 
data, the greater the validity of the 
epidemiologic information concerning 
the spectrum of disease in the commu- 
nity under investigation. 

It is in this way that the neuroepi- 
demiologist attempts to provide the 
clinician with accurate information on 
the magnitude of the disease burden 
in the community, on the natural 
history of the disease, on the distribu- 
tion of factors occurring in the 
segment of the population affected by 
the disease, etc. The magnitude of the 
disease burden in the population is 


usually expressed in terms of certain 
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ulation and is calculated for a given time and given place. It is usually ex- . 
pressed as the prevalence ratio: the number of persons with a given dis- 
ease at a specified time per 100,000 persons capable of having the disease 


measures the rapidity with which a disease occurs or the frequency of addi- 
tion of new cases of a disease within a specific population. It is calculated 
for a given time interval and given place, and is often expressed as an inci- 
dence rate: the number of new cases of a given disease during a specified 
period (usually 1 year) per 100,000 persons at risk of having the disease 












epidemiologic indices such as mortal- 
ity, prevalence, and incidence. These 
are briefly defined in the Table. To 
say how many people had or died of a 


particular disease has little meaning » 


unless one also states how many 
people were at risk of having or dying 
of that specific disease. One hundred 
patients dying of stroke in a town of 
1,000 people is quite different than 
100 patients dying of stroke in a city 
of one million inhabitants. To adjust 
for this, the epidemiologist usually 
expresses disease magnitude as a rate 
or ratio,-eg, number of cases per 
100,000 population. With such rates or 
ratios, the frequency of disease (nu- 
merator) is related to the population 
at risk of having disease (denomina- 
tor). Determining the population at 
risk is so important that epidemiolo- 
gists have been referred to as investi- 
gators in search of a denominator. In 
observational or descriptive epidemio- 
logic studies, the disease is further 
characterized by better defining the 
persons who develop the disease, the 
particular places or locales in which 
the disease occurs, and the changes in 


the disease over time (eg, a disease. 


may be most common among elderly 
white women [person] living in south- 
ern cities [place] during the winter 
months [time)]). l 

Before applying the findings of a 
study of one population to another 
population, one must be certain of the 
comparability of the two groups. It 
may be inappropriate to ‘apply de- 
scriptive epidemiologic data from a 
small town in the southwest to the 
population of a large New England 
city. If one wishes to study disease 
occurrence in a very large population, 


it may be necessary to choose a 
smaller representative subgroup for 
detailed investigation. One must use 
suitable sampling techniques to as- 
sure the representativeness of the 
subgroup selected for study. 


Analytic Epidemiology 


The study of the occurrence of 
natural experiments is the domain of 
analytic epidemiology. During the 
course of our lives, different individ- 
uals are exposed to a host of different 
factors or conditions, some of which’ 
may play an important role in the © 
occurrence of disease. There are two 
general approaches for this type of . 
study: retrospective and prospective 
(Fig 2). In the retrospective investiga- 
tion, one begins with a group of indi- 
viduals with the particular disease of 
interest (cases) and a group of individ- 
uals without the particular disease 
(controls). One then explores the past 
history of these two groups for the 
presence or absence of factors thought 
to be related to the occurrence of the 
disease.: One looks for factors differ- 
entially distributed in the group with 
the disease as compared to the group 
without the disease. This analytical 
design is also referred to as a case- 
control study. < 

In the prospective study, one begins 
with a group or cohort exposed to a 
particular factor or factors thought to 
be related to disease occurrence and a 
group not exposed to that particular 
factor or factors. The two groups are 
observed over time for the develop- 
ment of the disease under investiga- 
tion. One compares the frequency of 
disease in the cohort exposed to the 
factor to the frequency of disease in 
the unexposed cohort. 

In analyzing the results of such 
studies one must always answer the 
following questions: 

1. Are the results artifactual; ie, are 
there any differences between the 
two groups other than the factors . 
under investigation that might ac- 


count for-the findings? 


2. Is there a statistically significant 
relationship between the factor and 
the disease; ie, how likely or unlikely is 
it that this relationship is due to 
chance or coincidence? 

3. Does the statistically significant 
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ANALYTIC EPIDEMIOLOGY 


RETROSPECTIVE (Case-control) STUDY 


FACTOR(S) — 
PRESENT . 
OR 
ABSENT 


INDIVIDUALS WITH 
PARTICULAR DISEASE 


INDIVIDUALS WITHOUT 
PARTICULAR DISEASE 


PROSPECTIVE (Cohort) STUDY 


we 


INDIVIDUALS EXPOSED 
TO PARTICULAR FACTOR(S) 


INDIVIDUALS UNEXPOSED 
TO PARTICULAR FACTOR(S) 


TIME 


PRESENCE OR 
ABSENCE OF 


PARTICULAR DISEASE 


Fig 2.—Format for analytic studies in auroepldamicioay: 


association represent biologic signifi- 


cance? If one examines a very large 
number of factors for their possible 
relationship to a particular disease, 
some of these factors may by chance 
show a statistically significant asso- 
ciation. If one tosses a set of five 
coins, the probability that all five will 
turn up “heads” is %° or 1/32 or 0.03. 
The probability of such an event 


_oceurring by chance is less than 5%. | 


However, if one tossed the set of five 
coins 100 times, one should not be 
surprised to see all five coins turn up 


as “heads” on two or three occasions. © 


One is faced with a similar situation in 
studying 100 characteristics for their 
potential relationship to a given disor- 
der. Although one may find several 
associations whose probability of oc- 
curring by chance is rather small (eg, 
less than 5%), with a large number of 
comparisons, such a rare event may 
take place. 

Another important consideration is 
that association should not be equated 


with cause. A particular characteristic 


under consideration may be only indi- 
rectly related to a biologically signifi- 
eant factor. Despite this, it may be 
possible to make a significant impact 
on the occurrence of disease by 
dealing with this indirect association. 


For example, there is a strong rela- 


tionship between cigarette smoking 
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and bronchogenic carcinoma. Al- 
though the exact pathogenic mech- 
anisms for the development of squa- 


mous cell carcinoma of the lung have ° 


not been clearly elucidated, it is 
possible to lower the risk of lung 


cancer through the cessation of ciga- 


rette smoking. History has provided 
numerous other axamples of the 
successful application of knowledge of 


. indirect associations towards reducing 


disease risk. Before the discovery of 
the cholera vibrio, elimination of 
certain water supplies achieved a 


-marked decrease in new cases of the 


disease. Such indirect associations 
must be pursued for it is likely that 
they may provide etiologic clues. The 
two most important points to bear in 


' mind for analytic epidemiologic stud- 


ies are that (1) one must always have 
an appropriate comparison group, and 
(2) statistical significance does not 
equal biologic significance. 


Experimental Epidemiology 


_ Experimental epidemiology is simi- 
lar to the approach of prospective 


_ analytic epidemiology except that the 


investigator has control over the 
assignment of individuals to exposure 
or nonexposure status with regard to 
a particular factor or condition. Clin- 
ical trials of treatment programs or 
prevention programs fall into this 


categorv. It is important that the 
study group (those exposed to the 
factor) and the control group (those 
unexposed to the factor) be as compa- 
rable as possible. The use of a random 


element in the allocation of individ- 


uals to either of the two groups is a 
frequently used strategy for attempt- 
ing to echieve this comparability. To 
avoid bias in measuring the outcome 


of such a trial, it is best if neither the © 


participants nor the investigators 
know which particular individuals are 
in the study group or the control 
group. This type of ay is termed 
“double-blind.” 


Theoretical Epidemiology - 


Theoretical epidemiology is con- 
cerned with the development of math- 
ematical models to explain patterns of 
disease in populations. These theoret- 
ical models are then tested against 
known data. They may also be used to 


predict future population experiences — 


with disease depending on the inter- 
action of factors considered in the 


construction of the model. 


Particular Problems 
of Neuroepidemiology 


The epidemiologic investigation of 
neurolozical diseases has lagged 
somewhat behind epidemiologic stud- 
ies of other disorders such as heart 
disease or cancer. There are several 


_ reasons for this. The nervous system 


is complex and accurate neurologic 
diagnosis requires a high degree of 
sophistication in the clinical and basic 
neurosciences. Few individuals are 
willing to make the investment in a 
fairly long training experience to 


become familiar with both neurology . 


and epidemiology. Most neurologic 
disorders do not have pathognomonic 


__ signs, symptoms, or laboratory find- 


ings. Similarly. for the majority of 
neurologic diseases, minimal criteria 
for diagnosis have not been agreed on. 
What are the minimal criteria for 
Alzheimer disease, Guillain-Barré 
syndrome, motor neuron disease, etc? 
One wants to be restrictive enough to 
rule out mistaken diagnoses, yet not 
so restrictive as to exclude true cases 
of the disease under investigation. 
Again, the key element in neuroepi- 
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demiology is the clinician and the 
completeness and accuracy of his case 
ascertainment. 

A large number of individuals with 


‘. neurological diseases may be eared for 


by physicians with little training in 
clinical neurology. Some neurological 
diseases are relatively uncommon, 
requiring surveillance of a very large 
population over many years to ac- 


cumulate a sufficiently large number’ 


of patients for adequate study. Many 
of these disorders have an insidious 


_onset. When, for example, does Alz- 


heimer disease begin? Patients may 
have to be observed over a period of 
time to be certain of the diagnosis. 
Finally, a number of neurologic 
disorders are characterized by exacer- 
bations and remissions. This makes it 
extremely difficult to evaluate treat- 
ment modalities, since improvement 
may reflect a therapeutic response, 
the natural history of the disease, or 
both. Despite these many problems, 
progress is continuing In the epidemi- 
ologic study of neurological diseases. 
Neuroepidemiologie activities do 
not in themselves generate funds. 
Thus, the support of such studies must 
come largely from the federal govern- 
ment. The National Institute of Neu- 
rological and Communicative Disor- 
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ders and Stroke (NINCDS) program 
in neuroepidemiology is attempting to 
meet this responsibility in three broad 
areas: research, education, and consul- 
tation. : 
NINCDS research investigations 
establish base lines for the recognition 


of unusual disease : patterns and 


trends over time, provide etiologic 


clues, define prognostic parameters, 
measure the social and economie 
impact of neurological disease, eval- 
uate treatment modalities, and fore- 
cast the needs for programs and facil- 


-~ ities. These studies are carried out by 


NINCDS staff or by scientists receiv- 
ing research grant or contract support 
from the Institute. 

The epidemiologic investigation of 
neurologic disorders requires thor- 
ough knowledge of both clinical neu- 
rology and epidemiologic methods. 
Unfortunately, there are only a few 


individuals in the United States with . 


training in both disciplines. Educa- 


tional opportunities supported by the - 


NINCDS include individual postdoc- 
toral research training fellowship 
awards in neuroepidemiology. In addi- 


tion, a series of videotapes are being | 


developed to review the application of 


' epidemiology in the analysis of clin- 


ical problems in neurology and neuro- 


surgery. The tapes will be available to 
medical schools and residency train- 
ing programs on a loan basis. The 
NINCDS is also sponsoring a course 
and conference on neurological epi- 
demiology to be held in Washington, 
DC, on May 15-17, 1977. The course 
will deal with the principles of neuro- 
epidemiology. The conference will 
consider current knowledge in neuro- 
epidemiology and stress the applica- 
bility of this information to the clin- 
ical practice of neurology or neurosur- 
gery. 

The clinical neurologist is the key to 
epidemiologic investigations and 
must be constantly alert to unusual 
disease patterns, such as the ap- 
pearance of a new constellation of 
symptoms or the clustering of disease 
occurrence. The staff of the Section on 
Epidemiology of the NINCDS is inter- 
ested and eager to serve in a consulta- 
tive capacity to any clinician or 
research scientist desiring to investi- 
gate the epidemiologic aspects of 
neurological disease. 
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Original Contributions 


Epilepsia Partialis Continua 


A Review of 32 Cases 


Juergen E. Thomas, MD; Thomas J. Reagan, MD; Donald W. Klass, MD 


è Clinical, EEG, and autopsy findings 
were studied in 32 patients with epilepsia 
partialis continua. The seizures occurred 
‘at different ages and with diverse 
diseases of the brain. Facial and distal 
limb muscles were preferentially Involved. 
Often, seizures suggested multifocal ori- 
gin within a limited cerebral region, with 
low-amplitude, irregular, asynchronous 
contractions that could resemble other 
movement disorders. Twitching varied In 
rate, rhythm, intensity, and territorial 
extent continued sometimes for decades 
and was poorly responsive to therapy. 
Focal EEG abnormalities commonly con- 
sisted of discrete spikes, sharp waves, or 
slow-wave activity. Autopsy findings in 
eight patients showed consistent involve- 
ment of the motor cortex or closely adja- 
cent areas. Clinical, EEG, and pathologic 


data favor a cortical origin of epilepsia . 


partialis continua. 
(Arch Neurol 34:266-275, 1977) 


he seizures in most types of 

epilepsy are brief, stereotyped 
paroxysmal events, and these charac- 
teristics generally serve as basic 
criteria for clinical diagnosis. Epilep- 
sia partialis continua (EPC), however, 
is a convulsive disorder in which these 
criteria are difficult to apply. In fact, 
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the manifestations of EPC are much 
more diverse than textbook de- 
scriptions seem to have implied, with 
only marginal resemblance at times to 
the customary image of an epileptic 
seizure. Failure to appreciate this 
diversity runs a high risk of confusing 
the condition with an extrapyramidal 
movement disorder. 

Epilepsia partialis continua is now 
widely acknowledged as being & 
partial ‘somatomotor status epilepti- 
cus. Its first description is credited ta 
Koshewnikow,' although Bruns? re- 
ported it at about the same time. 
Koshewnikow’s postulate that the sei- 
zures resulted from focal cortical 
encephalitis found support 30 years 
later through the study of cortical 
biopsy specimens in patients with this 
disorder. 

Since then, a number of isolated 
case reports and small case series have 
elucidated the syndrome further, as- 
certaining that lesions causing EPC 
were neither all cortical in location nor 
all inflammatory in origin. Clinical 
and pathologic studies identified vari- 
ous causes, including encephalitis, 
abscess, granuloma, infarct, hemor- 
rhage, subdural hematoma, neoplasm, 
multiple sclerosis, trauma, and meta- 
bolic encephalopathy.” 

An unresolved controversy sur- 
rounds the question whether corti- 


CA] i 31.10.12.13 or subcortical>-2:24-29-22 


‘mechanisms are responsible for the 


continuous epilepsy, and the conflict is 
heightened further by the description 
of patients with multiple lesions of the 
brain.: The latter finding 
prompted Radermecker and van Bog- 
aert? to state that the clinical aspects 
of EPC represented a cortical irrita- 
tion or release phenomenon, whereas 
the rhythm of the discharge and its 
monotonous persistence resembled 
the hyperkinesia of striatal origin. 
Similarly, authors such as Ponjatows- 
kaja,° Laudenthal,’ as well as Kautzky 
and Stengel,’ and more recently Juul- 
Jensen and Denny-Brown’’ proposed 
that impairment of extrapyramidal 
function at subcortical levels provided 
the necessary background for the 
occurrence of this condition. 

In order to study these conflicting 
views further and to define the clin- 
ical speztrum in patients with EPC, 
we reviewed our experience with this 
condition at the Mayo Clinic. 


PATIENTS AND METHODS 


In the absence of a consensus on the 
definitior. of EPC, we adopted a modifica- 
tion of Juul-Jensen and Denny-Brown’s 
criteria end designated the syndrome as 
one that is characterized by regular or 
irregular clonic muscular twitches affect- 
ing a limitec part of the body, occurring for 
a minimum of one hour, and recurring at 


Table 1.—Distribution of 32 Patients With Epilepsia Partialis Continua According to Bady Area Involved* 


= race = 


Face mae Arm 


Face, Arm, 


and Es Arm and Leg 


Face, Arm, 
Trunk, = Leg 


Arm, Trunk, 


and =" Total 


sant 


Bilateral 


“Terms ' ‘arm” and “leg” refer to upper and lower extremities. 
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intervals of no more than ten seconds. 
From the records of patients examined 


at the Mayo Clinic between the years 1950 ° 


and 1978, 32 cases fulfilled our criteria of 
EPC and were included in the study. This 
number is not likely to reflect the true 
incidence of patients with EPC seen during 
the specified time interval because some 
patients, especially those with EPC of 
short duration, may not have been listed on 
the diagnosis summary sheet that provides 
the basis for statistical indexing. | 


RESULTS 


Of the 32 patients, 18 were men and 
14 women. The ages at onset of the 
EPC ranged from 6 months to 76 
years, with a mean of 87 years. 

In 17 of the 25 patients with avail- 
able pertinent information, EPC 
started suddenly, with peak intensity 
at onset. The EPC either remained at 
that level or lessened within hours or 
days to a more stable pattern. In the 
other eight patients, muscle twitching 
was mild at onset and gained inten- 
sity with the passage of time. Epilep- 
sia partialis continua was not men- 
tioned in the histories of five addi- 
tional patients, but the condition was 
noted on neurologic examination. In 
five patients, generalized epileptic 
seizures preceded the EPC by days, 
months, or years. In ten patients, the 
antedating seizures were focal and 
invariably affected the body part that 
was involved later by the continuous 
muscle twitching. In four of the ten 


patients, seizure frequency increased 


gradually and ultimately seemed to 
blend with EPC. _ 4 


Topographic Distribution 
The left side of the body was 


_ involved in 18 patients, the right side 


in 11, and both sides independently in 
three patients (Table 1). 

Territorial extent of the seizure 
activity varied remarkably from pa- 
tient to patient. Whereas one person 
had only a single muscle group visibly 
involved, another patient had half of 
the body affected. Widespread in- 
volvement, however, tended to be 
spotty, with many but rarely all 
muscles affected in a limb. Occasion- 
ally, proximal and distal extremity 
muscles exhibited seizure activity con- 
currently, while muscles between 
them seemed to be spared. 
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Even in the same patient, seizure 
distribution and intensity varied. For 
example, only one muscle of one limb 
might be involved in the morning, 
whereas later in the day, the face, 
arm, and leg were twitching freely. 
Similarly, whereas movement of one 
muscle was barely discernible at one 
time, clonic movements in the same 
muscle. were' pronounced at other 
times. When arm and leg or arm and 
face were involved conjointly, the 
twitches were usually not synchro- 
nous. Of the patients with bilateral 


EPC, two exhibited concurrent though | 


independent twitching, whereas a 
third patient had the clonic move- 
ments stop on one side before they 
started on the other. 

Facial seizures affected either an 
entire side of the face or just one 
eyelid or one side of the mouth. Soft 
palate or tongue or both were some- 
times involved, and two patients had 
lateral deviation of the eyes in 
conjunction with facial twitches. In 
the upper extremity, clonic jerking of 
the distal portion (hand or fingers or 
both, especially thumb and index 
finger flexors) was four times ‘more 
common than that of the proximal 
portion (especially deltoid, pectoral, 
and triceps) and only infrequently did 
an extremity seem to be involved in 
its entirety. Findings referable to the 
lower limb were less well demon- 
strated, but these also suggested 
predilection for distal muscles. Trunk 
muscles were affected unilaterally in 
two patients. : 


Speed and Frequency - 
of Muscle Twitches 


Clinical observation on speed and 
frequency of twitches was limited but 
indicated variability. Some patients 
had twitches occurring regularly or 
irregularly but leisurely every two or 
three seconds, whereas other patients 
had nearly continuous random rest- 
lessness of muscles, with almost 
lightning-like low-excursion contrac- 
tions. Polygraphic measurements of 
twitch frequency and duration will be 
discussed later. 


Duration of EPC 


Data on duration are minimal esti- 


‘mates. Several. patients continued to 


have EPC at the time of last follow-up 
examination, whereas others were 
ultimately lost from observation. 


No. of 

Duration Patients 
Hours 

4-14 7 8 
Days 

1-5 T 

6-10 2 

11-15 1 

16-20 2 
Months 

1-5 5 

6-10 3 
Years 

1-5 | 5 

6-10 2 

11-20 , 2 
Total 32 . 


Duration of EPC ranged from 4 hours 
to 18 years, with a mean of 25 months. 
Of the 12 patients with EPC of less 
than one week duration, five died as 
the result of the underlying acute 
disorder (stroke, tumor, or metabolic 
and anoxic encephalopathy) soon after 
the seizures had ceased. Patients who 
suffered from EPC for years were 
generally considered to have postin- 
flammatory brain disease or to have 
no demonstrable cause for the EPC. 
Once EPC had stopped for at least 48 
hours, it was unlikely to recur. 
However, two patients for obscure 
reasons had the condition intermit- 
tently for days or weeks at a time 
during a period of two and six years, 
respectively. 


Modifying Factors 


Information on these factors is 
limited. Ten patients showed seizures 


_ that lessened or disappeared at rest or 


during sleep. Five patients had 
twitching that continued during sleep, 
and nine others ‘had twitching during 


coma. A few patients mentioned that 


loud noise, nervous tension, and 
certain postures or volitional activity 
of the affected limb served as aggra- 
vating factors. 


Results of Neurologic Examination 


All patients had detailed neurologic 
examinations, and only three were 
neurologically normal (except for the 


_ EPC). The other 29 patients showed 


various degrees of muscle weakness, 


Epilepsia Partialis Continua—Thomas et al 267 


sensory loss, or stretch reflex changes 
commensurate with the location and 
extent of the underlying brain dis- 
ease. Subtle dystonic posturing in the 
limb involved with EPC was rare. 
Most patients who did not have pro- 
gressive pathologic lesions did not 
suffer progressive muscle weakness, 
even when EPC was present for a long 
time. One patient had weakness that 
_ occurred several hours after the onset 
of the-:seizures and cleared after the 
seizures stopped. During. EPC, 21 
patients were alert and 11 had impair- 
ment of consciousness ranging from 
mild confusion to deep coma. — 
Electroencephalograms were per- 
formed on eight- or 16-channel instru- 
ments with a minimum of 18 to 21 
electrodes. Additional scalp leads were 
applied in selected cases. A total of 245 
EEGs were carried out on the 32 


patients, 28 of whom had EEGs 
recorded during ongoing EPC. Nine 
patients were comatose at the time of 
the EEG study. The other 23 patients 
had recordings during wakefulness 


and 20 patients also had records ` 


during sleep. In the 24 patients who 
underwent EEGs on more than one 
day, the time span over which multiple 
recordings were obtained ranged 
from 2 days to 16 years. . 

Of the 245 EEGs, ell but seven were 
abnormal.-Only two of the 28 patients 
with EEGs recorded during EPC had 
normal records awake and asleep, but 
one of the records showed an active 
spike focus during electrocorticog- 
raphy (Fig 1). Generalized abnormali- 
ty consisting of slow waves was 
present in two comatose patients. 
Lateralized abnormal slow waves 
were found in the recordings of three 


e 


A) Scalp recórding (9-9-57) 


4-6 





6-8- 
19-24 
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B) Elecirocorticogram (9-17-57) 





8-42 


6 Age: 33 yr 


Fig 1.—Normal EEG recorded from scalp of 33-year-old man with epilepsia partialis continua of left arm (muscle 
activity recorded from surface leads on left arm in channel 1, segment A). However, during electrocorticography 
(segment B), focal spikes were recorded from small area of the right precentral gyrus (electrode 2, channels 1 and 


2). 


F 
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patients, two of whom were comatose. 
Focal abnormalities in the EEGs of 21 
patients consisted of abnormal slow 
waves in 19 and spike or sharp waves 
in 20 (Fig 2). Twenty-five patients 
had abnormally slow or asymmetric 
background activity. These changes 
were nct mutually exclusive. Four 
patients had periodic lateralized epi- 
leptiform cischarges (PLEDs) of the 
type described by Chatrian et al.* 

In ten of the 15 patients who had 
sleep recordings during EPC, sleep 
considerably decreased or totally abol- 
ished the muscle jerks (Fig 3). Photic 
stimulation, carried out for most 
patients, did not activate abnormali- 
ties. Hyperventilation increased a 
focal disturbance in five of the 
patients who were able to cooperate 
for this procedure. Pentylenetetrazol 
was given intravenously to two 
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patients and produced focal EEG acti- 
vation in one and an increase in 


magnitude of the muscle jerks in. 


both. 

In all five patients for whom elec- 
trocorticography was carried out, an 
active focal spike abnormality was 


recorded from the cortical surface. 


Concomitant recording was made 
with depth probes during electrocorti- 
cography in four of these five patients 
and demonstrated that the spike 
discharges originated at the surface in 
two patients and within 2 or 3 em of 
the cortical surface in the two others. 
One patient had had long-term depth 
electroencephalography prior to elec- 


® Age: 60 yr 
11-30-63 


5-7 


trocorticography, but a depth EEG did 
not establish the origin of the EPC. 
Several drugs were administered 
intravenously during the time of the 
EEG recording. Diazepam decreased 
EPC in two of five patients. No effect 
on EPC resulted from phenobarbital, 
phenytoin, lidocaine, or pyridoxine 
hydrochloride given to four patients. 
For 22 of the 28 patients who had 
EEGs recorded during EPC, muscle 
activity or movement was monitored 
by means of surface EMG leads, 
needle electrodes, or accelerometers. 
During muscle or movement monitor- 
ing, paper speeds of 8 and 6 cm/sec 
were used, or the activity was 


‘displayed on an oscilloscope. Sixteen 


of the patients with this kind of moni- 
toring during EPC‘had spontaneous 
spikes or sharp waves in their scalp 
EEGs, but only ten had a relationship 


-between the movement and the EEG 


transients; and for some of these, the 
relationship was variable. The onset 
of a spike or sharp wave preceded the 
onset of the movement in nine 
patients (Fig 4 and 5), and a slow or 
sharp wave also followed the move- 
ment in three of these. In one other 
patient, movement occurred without 
an antecedent EEG event, but each 
movement was followed by a wave in 
the EEG. In some patients, an EEG 
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Fig 2.—Electroencephalogram of 60-year-old woman with epilepsia partialis continua. Lowermost channel shows 
myogenic activity from clonic movements recorded by surface leads on left side of face. Sharp waves in EEG arise 
from right temporoparietal region (seen best in channels 2 and 5) and precede each of the muscle contractions. 
Note, however, that occasional! sharp waves occur without subsequent muscle contraction and that distribution of 
sharp waves within temporoparietal region is somewhat variable. Also note attenuation of normal alpha rhythm in 
right parietooccipital region (channel 7). 
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Fig 3. —Electroencephalogram of 25-year-old man with epilepsia partialis continua of left arm, During wakefulness 


(segment A), muscle twitches are seen in channel 9, recording from surface leads on left arm, whereas twitches are 
nearly absent during sleep (segment B). 
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transient could be related to jerks 
involving one muscle and not to other 
muscles contracting asynchronously. 
Usually, a relationship between EEG 
and motor events could be discerned 
only when the frequency of jerking 
was slow. 

The frequency of movement varied 
among patients and sometimes 
among different muscle groups in the 
same patient. Frequency of muscular 
contraction occurred at rates ranging 
from 0.5 to 10 Hz. The rate was 3 Hz or 


Tow 
4 sec 


less in 15 patients, between 3 and 5 Hz 
in one, between 5 axd 8 Hz in three, 
and between 8 anc 10 Hz in one 
patient. The range of contraction 
rates spanned more than one of these 
frequency ranges in eight patients. 
Duration of individual muscle con- 
tractions was equally variable. Re- 
cordings in which duration could be 
estimated showed the duration to 
range from less than 25 msec to 


approximately 600 msec. It was less” 


than 50 msec in eight patients, 50 to 


1 


100 msec in three, and more than 100 
msec in ten patients. In three 
patients, the duration varied over 
more than one of these ranges. 
Regardless of frequency and duration, 
the contractions were intermittent 
and not sinusoidal. 

Computer summation of visual- 


evoked responses was carried out in . 


four patients. The responses were 
decreased on the side of an EEG 
abnormality in two and were normal 
in the other two patients. In three 


Fig 4.—Electroencephalogram of 25-year-old man with epilepsia partialis continua of left arm. Muscle activity is 
recorded by surface leads on left arm (channel 7). Focal short-duration spikes preceding each jerk arise trom 
right Rolandic region, are equipotential in electrodes 4 and 6, and are seen best in channels 2 and 6. Note also 
that longer-duration sharp wave in EEG follows each muscle contraction in electrodes 4 and 6 over right 
Rolandic region (seen best in channels 2 and 4) and, to lesser degree, in electrodes 3 and 5 from left Rolandic | 
region (visible only occasionally in channels 1 and 3). 5ee also Fig 5. 


Left Forearm EMG 


20 msec. / div. 


Fig 5.—Two samples of oscilloscopic tracings from same patient as in Fig 4. Upper trace in each sample is 
EEG activity recorded from pair of electrodes attached to scalp over right precentral region. Lower trace in 
each sample is electromyographic activity recorded “rom pair of leads attached to skin of left forearm. Note 
that onset of each EEG spike precedes muscle jerk 3y 20 msec. 
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patients, the EEG activity was sum- 
mated for short intervals before and 
after muscle jerks. No time-locked 
cerebral event could be detected 
before the muscle. jerk, but one 
patient had a time-locked wave 
detected from the scalp after th 
movement. 


Other Diagnostic Studies 


Cerebral angiography or pneumog- 
raphy or both carried out in half of the 
eases aided in identifying atrophic or 
mass lesions as well as occlusive 
vascular disease. Radioisotope brain 
scans were obtained in seven patients 
and computerized tomographic scans 
in eight, the latter being especially 
useful in the diagnosis of infarcts, 
_ tumors, and atrophic lesions. 


Cause of the Disorder 


Conclusions regarding the cause of 
the EPC were based on clinical im- 
pressions, results of diagnostic stud- 
ies, and findings at biopsy or autop- 
sy. 


; No. of 
Cause Patients 
Infarct or cerebral 
hemorrhage . 8 
Neoplasm 
Astrocytoma 1 
Hemangioma 1 
Lymphoma i 
Unverified 2 
Presumable encephalitis 5 
Hepatic encephalopathy 2 
Trauma 2 
Recurrent subarachnoid 
hemorrhage 1 
Indeterminate 9 
Total 32 


Strokes were diagnosed clinically, but 
an angiogram, computerized tomo- 
graphic sean, or autopsy provided 
confirmatory evidence in five cases. 
The presence of tumors was proved by 
contrast studies, computerized tomo- 
graphic scan, or surgery, and in all but 
two cases, tumor histology was identi- 
fied. A diagnosis of encephalitis was 
based on the patient’s clinical course, 
with rapid onset of symptoms, fever, 
sometimes CSF pleocytosis and, in 
two instances, cortical biopsy. There 
were only a few cases of acute enceph- 
alitis by the time of examination at 


our institution. The indeterminate . 


eategory included cases presumably 
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due to previous head trauma or 
encephalitis and other obscure cere- 
bral diseases (possibly slow-virus en- 
cephalitis) and casés in which no-clue 


existed regarding the underlying 


cause. A poignant example in the last 
category was that of an 18-year-old, 
otherwise healthy, girl who for no 
apparent reason abruptly began to 
have. EPC involving the left hand. The 
condition continued for four years 
without remission, and no cause could 
be found. . 


Treatment 


Results of treatment have been 
discouraging. In the acute stage, the 
intravenous administration of diaze- 
pam often stopped the seizures, but 
the clonic activity tended to recur 
within minutes or hours. Of the 25 
patients about whom pertinent infor- 
mation was available, 18 -showed 
either no change or only a decrease in 
seizure intensity after long-term 


treatment, with oral anticonvulsants. . 


The medicaments most often used 
were phenobarbital and phenytoin, 
but primidone, carbamazepine, acet- 
azolamide, mephenytoin, ethosuxim- 
ide, corticotropin,. and prednisone 
were also tried in some patients but 
with little benefit. Of the seven 
patients in whom anticonvulsants 
seemed to stop the EPC, six were 
adults, and all but one had acute struc- 
tural lesions of the brain. The disap- 
pearance of the seizures in these seven 
patients, - however, may have been 
associated with resolution of the 
lesion rather than being the result of 
medical treatment. In a few patients, 
the EPC ceased for no known reason 
after years of unresponsiveness to 
drugs. These were considered treat- 
ment failures. In some patients, 


although the EPC stopped after 
different periods of time, generalized 
tonic-clonic and other partial motor 
seizures continued to occur. 

Five patients underwent surgical 
exploration and excision im an at- 
tempt to control their recalcitrant 
seizures, but only one patient gained 
modest relief. 


Course and Prognosis | 


The time of follow-up study was 
computed from the onset of EPC 
rather than from the patient’s first 
visit to the clinic. The interval 
extended to the time of (1) patient’s 
death, (2) patient’s loss to follow-up 
observations, or (8) availability of 


- information on the patient’s condition 


within six months prior to the begin- 
ning of this study. Follow-up informa- 
tion was obtained by means of re- 
examination, correspondence, or tele- 
phone contact. 

Follow-up studies in the 32 cases 
ranged from a minimum of five hours 
to a maximum of 18 years, with a 
mean of 87 months (Table 2). Follow- 
up studies of hours, days, or weeks 
was usually occasioned by the pa- 
tient’s death. Fifteen of the 32 
patients had died by the time this 
study was conducted, and in all 
patients, the probable cause of death 
was either the disease that was 
responsible for the EPC or the imme- 
diate complications of the disease. In 
eight of the 15 cases, autopsy was 
performed. — 

Neither the presence of EPC, its 
topographie distribution over the 
body, nor its clinical characteristics 
carried reliable prognostic implica- 
tions. Because the seizures themselves 
did not ‘seem to result in neurologic 
deterioration, except for some com- 


Table 2.—Follow-up information of 32 Patients With Epilepsia Partialis 
Continua 


Information complete* 
Alive 


Dead: 


Lost to follow-up observationy 
No follow-up observation 


No recent information 





No. of 
Patients 


_ | Average Time of 
Follow-up Observation 


5% yr (16 mo-18 yr) 
8 mo (5 hr-4 yr) 


6% yr (1% yr-11 yr) 


“Denotes follow-up observation to time of death or up to six months before study. 
Timplies that either no information is available since last clinic visit or information Is not up-to- 


date. 
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promise of voluntary action due to 
incoordination of the participating 
muscles, prognosis was measured 
chiefly in terms of the duration of the 
EPC. The worst prognosis for contin- 
ued- EPC was found among patients 
with encephalitis or otherwise pre- 
sumably atrophic brain lesions. Their 


seizures persisted from three days to - 


18 years, with a mean of 59 months, 
whereas in patients with tumor or 
stroke, the average duration was 
seven and 5.5 months, respectively. 


This difference reflects the shorter 
survival of some of the patients who. 


had tumor and- stroke. 

A mean duration of the seizure 
disorder of 27 months was found in 
patients who were in the first two 
decades of life (14 patients), whereas 
the mean duration of 13 months was 
found in those between 51 and 70 
years of age (14 patients). These 
figures may be the result of the 


difference in expected survival at the 


different ages and of the higher inci- 
dence of nonfatal cases of encephalitis 





Left side of 


face and hand 


Both sides of face 
and jaw; left ieg 


Right arm 


- Left arm, trunk, and leg 


Left side of face 










and leg 


Right side of face and 
arm 


Left side of face, arm, 


in the younger age groups. Simple 
senile degeneration cid not seem to be 
a common cause of EPC. 


Results of Autopsy 


In each of the eight cases in which 
the brain was examined at autopsy, 


pathologie findings were present in 


the cerebral hemisphere contralateral 


to the body part exhibiting EPC 


(Table. 3). The cerebral cortex was 
always involved to some extent. The 
motor cortex related to the affected 
limbs, including precentral and post- 
central gyri, 
stroyed by acute infarction in cases 1 


and 2 (for case. 2, see Fig 6). In the 


other six patients, the lesion either 
incompletely damaged the appro- 
priate region of the motor cortex or 
involved a closely adjacent cortical 
area. In addition to the cortical lesions 
and lesions in the immediate subja- 
cent white matter, all but one patient 
(case 5) had some involvement of 


deeper structures on the ipsilateral or | 


contralateral (or both) side of the 


Tabie 3.—Neuropathologic Findings in Eight Autopsy Cases of Epilepsia Partialis Continua 


: Body Part . Major Neuropathologic 
Patient Sex/ Age; yr Involved Duration Diagnosis Other Lesions of CNS , 


. § days 


artery 


Recent hemorrhagic infarct in right 


was completely de- 


Recent infarct in right middle artery 
distribution due to thromboembolic | 
~ occlusion of right middle cerebral 


brain. In case 5, the- only important 
finding was a small cortical infarct 
anterior to the precentral gyrus, 
corresponding to the representation 
of the body part involved (Fig 7). In 
the five cases in which the lesions 
were vascular, there were three with 
infarcts involving the basal ganglia, 


- one involving the thalamus, and one 


affecting both. Except for the nearly 
complete destruction of the putamen 


-and body of the caudate nucleus by 
‘acute infarction in case 1, these deep 


infarcts were small, less than 1 cm in 
size, and few in number. In the ease of 
bifrontal astrocytoma, the anterior 
striatum was invaded on the right side 
(ipsilateral to the EPC) but not on the 
left. 


a 


COMMENT 


An updated attempt at formulating 
a clinical profile of EPC seemed 
appropriate since the last comprehen- 
sive review dates back half a century 
to the time that Omorokow? observed 
this condition during an -outbreak of 


Old, small (< 1 cm) cystic 
infarcts in right anterior 
thalamus and left poste- 
rior thalamus 


Acute purulent meningitis 


` and left middle cerebral artery dis- 
tributions due to septic embolism 


" (Fig-6) 


Old infarct in left anterior cerebral 
‘artery distribution (frontoparietal 
parasaggital cortex and spanning 


corpus callosum) 





capsule 


Multiple old infarcts: right inferior 
frontal and precentral gyri, right su- 
perior parietal, right anterior corpus 
callosum, and cingulate gyrus; right 
globus pallidus and genu of internal 


Multiple, small (< 1 cm) in- 
farcts in left middle fron- 
tal, left superior tempo- 
ral, right occipital, right 
putamen, and right glo- 
bus pallidus 


Status 38 days after evac- 
uation of right subdural 
hematoma: old hemor- 
rhage, 1 by 2 cm, right 
- parietal white matter 


Old infarct (2 by 3 cm) of right middie 
frontal gyrus; subcortical demyeli- 
nation of right inferior frontal, ante- 
rior parietal, and temporal! lobe (Fig 


?) 


Multiple, recent (subacute), small 
© (< 2 cm) infarcts: right motor cor- 


Old infarct in right dorso- 
medial thalamus 


tex, right occipital, and right 


parietal 
12 hr 


Astrocytoma, bifrontal and corpus 


callosum; recent hemorrhage in left 


precentral gyrus at posterior limit of 





8 F/y 
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Right side of face and 
leg; left arm and leg 


tumor 


14 hr 


Acute purulent meningitis; diffuse 
acute anoxic brain damage 


None : 
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Fig 6.—Bilateral hemorrhagic infarcts due to septic embolism in 
patient 2. Severe damage to lower precentral gyrus and moderate 
involvement of upper precentral gyrus on right. Moderate damage 
to lower precentral gyrus on left. 


the Russian spring-summer encepha- 
litis among the rural Siberian popula- 
tion. 

Phenomenologically, EPC is a form 
of partial somatomotor status epilep- 
ticus that is capable of afflicting 
persons of all ages and of occurring in 
acute as well as chronic lesions of the 
brain. The list of causes spans most 
major disease categories, including 
those of inflammatory, vascular, neo- 
plastic, demyelinating, traumatic, and 
metabolic origin.” 

Epilepsia partialis continua is not 
nearly as stereotyped or as readily 
recognizable as some accounts would 
seem to have implied. No diagnostic 
uncertainty exists when the seizures 
commence dramatically and vigorous- 
ly on the background of an acute brain 
syndrome. However, some patients 
have seizure activity that begins 
unobtrusively as the sole symptom 
and without an obvious clue to its 
cause. Portraying little of the custo- 
mary image of a focal convulsion with 
its patterned, regular, and synchro- 
nous motor discharge, the muscles in 
EPC may exhibit low-amplitude, irre- 
gular, asynchronous, and leisurely 
repetitive contractions and seem de- 
ceptively similar to nonconvulsive 
types of movement disorders. In some 
of these cases, an initial misdiagnosis 
of limb tremor or some other extrapy- 
ramidal movement disorder has been 
made. 
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Fig 7.—Small, old infarct and right middle-inferior frontal gyri in 
patient 5. Old infarct with subcortical demyelination of right 
temporal region. Epilepsia partialis continua of left side of face 


was present for four months before death. 


At its inception, EPC may not be 
representative of the manifestations 
throughout its course in the same 
patient. The seizures may evolve over 
periods ranging from a few hours to 
several months. Initially, they may 
greatly exceed their ultimate severity 
and territorial extent, or they may 
start with trivial muscle jerking and 
gain momentum as time passes. 
Epilepsia partialis continua seldom 
has an unchanging pattern from day 
to day or even hour to hour. What 
appears to be improvement one day 
may be short-lived, and what looks 
like worsening the next day may be 
equally transient. Aggravation by 
voluntary contraction of the affected 
limb and amelioration by sleep are 
also common. 

The disorder seems capable of 
afflicting most muscles of the body: 
face, tongue, throat, neck, trunk, 
diaphragm, and extremity muscles. 
However, as in conventional focal 
motor seizures, facial and distal limb 
muscles, especially flexors of hand and 
digits, are areas of predilection. 
Asynchrony of muscle twitching is 
common and suggests multiple foci of 
neuronal discharge within a closely 
related cerebral region, a feature that 
is also often encountered when record- 
ing from the cortex in patients with 
partial seizures.” 

In our experience, most patients 
with EPC have focal abnormalities in 


the EEG, although various types of 
EEG abnormality can occur. Some- 
times, distinct epileptiform abnormal- 
ities constitute the principal finding, 
either in the form of discrete short- 
duration spikes related precisely in 
location and time to the motor activity 
or in the form of sharp waves of 
longer duration, with appropriate 
lateralization but variable time rela- 
tionship to the clonic movements. 
Both types of EEG abnormality can 
help to establish an epileptic mecha- 
nism for the movements if the nature 
of the disorder is in doubt clinically. In 
a few patients, the latency between 
the focal EEG spike and the contralat- 
eral muscle contraction is compatible 
with latency values that result from 
direct stimulation of the pyramidal 
tract in humans (Fig 4 and 5). In 
other patients, longer latencies occur 
and may represent utilization of less 
direct efferent pathways or the 
influence of cerebral damage from the 
underlying disease. Localized waves 
in the EEG that follow clonic move- 
ments could represent either late 
components of the initiating cerebral 
discharge or responses of hyperexcit- 
able cortex to centripetal propriocep- 
tive impulses generated peripherally 
by the muscle contractions. In still 
other patients, slow-wave abnormali- 
ties are recorded over the appropriate 
cortical area but without time-locked 
epileptiform discharge. The presence 
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of a focal EEG abnormality, whether 
“epileptiform” or not, can be helpful 
diagnostically and would favor a focal 
convulsive disorder over an extrapy- 
ramidal movement disorder if this 
distinction is in question. 

Normal EEGs can be observed in 
EPC, although rarely, and normality 
does not refute the diagnosis of 
epilepsy or a cortical origin of the 
disorder. An epileptiform discharge 
may be rendered invisible in the scalp 
EEG by prominent normal back- 
ground activity in the area, by other 
kinds of abnormal patterns, or by 
muscle and movement artifacts. Fur- 
thermore, the localized area respon- 
sible for production of the muscle 
jerks may reside in the infolded cortex 
beneath the external surface convexi- 
ty of the brain, and therefore, the 
discharge arising from this area may 
not be recorded by scalp electrodes. 
Studies on experimental animals and 
humans have shown that a sizable 
population of neurons must be firing 
synchronously for a spike discharge to 
be detected through the skull and 
scalp. If the population size is small 
(Fig 1), or if multiple closely allied 
small groups of neurons fire asynchro- 
nously, the scalp recording may con- 
tain no evidence of the abnormal 
discharge. Finally, when using stan- 
dard paper recording techniques, a 
precise relationship between the EEG 
event and the clonic motor activity 
may be difficult to discern if the rate 
of jerking is rapid. 

Thus, the electroencephalographer 
must take particular care when evalu- 
ating patients with EPC if an appar- 
ently normal tracing is encountered. 
Added scalp electrodes should be 
placed in appropriate areas and vari- 
ous different montages utilized. Re- 
cordings during sleep are less likely to 
be obscured by artifacts. Assessment 
of a possible time relationship to EEG 
events may require electrodes for the 
monitoring of muscle activity or accel- 
erometers for the monitoring of 
movement. Recording with fast paper 
speed or on an oscilloscope helps deter- 
mine a constant relationship if the 
latency between cortical and muscle 
events is very short. For assessing the 
consistency of relationships, computer 
summation or “averaging” of cortical 
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and motor events affords an oppor- 
tunity for establishing a statistical 
relationship that may not be apparent 
when single transients are viewed 
sequentially. 

In the treatment of EPC, we corrob- 
orate what others have said: The 
response to antiepileptic treatment is 
poor. Intravenously administered dia- 
zepam, often spectacularly effective 
in other convulsive disorders, com- 
monly yields no more than transient 
results in EPC, and the use of oral 
antiepileptic drugs is generally disap- 
pointing. Although we do not advocate 
therapeutic resignation because fa- 
vorable responses to drug therapy do 
occur, we no longer try to render a 
patient completely seizure-free if the 
clonic movements are mild and pro- 
duce relatively negligible incapacita- 
tion. 

The usefulness of surgery is uncer- 
tain. “Improvement or cure” in 30% of 
Omorokow’s* patients who were op- 
erated on apparently was achieved at 
the cost of significant neurologic defi- 
cit. Other authors'* have reported 
cases of surgical cure as well. Our own 
experience has been disappointing; of 
five patients who were operated on, 
only one had modest lessening of his 
seizures and none had become seizure- 
free. Although the likelihood of 
improvement or cure after surgery 
may be predicated on the complete- 
ness of excision of the offending 
focus, some of our patients had 
multiple foci of cortical discharge 
extending over large regions and 
involving areas that could not be 
excised without entailing a high risk 
of major neurologic sequelae. 

Prognosis depends on the type of 
underlying disease. In our series, the 
most common cause of EPC in child- 
hood was a chronically progressive, 
possibly inflammatory, disease of the 
brain such as described by Aguilar 
and Rasmussen.” In adults, however, 
focal cerebrovascular and neoplastic 
lesions were the most common demon- 
strable causes, and the prognosis 
varied accordingly. Chronic EPC 
occurs in children and adults as the 
result of trauma or with no demon- 
strable cause and may persist for 
many years. Also in children and 
adults, EPC may arise acutely with 
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severe systemic metabolic and elec- 
trolyte disorders and without focal 
lesions of the brain. Except for our 
observations with respect to age of 
the patient and the underlying brain 
disease, no reliable clues for predict- 
ing seizure duration are apparent. We 
found no evidence to indicate that the 
presence of EPC influences the prog- 
nosis of the underlying disease or that 
the seizures themselves produce dete- 
rioration of neurologic function. 

There has been much speculation 
about the physiologic substrate of the 
abnormal discharge responsible for 
EPC. Although ultimately, motor neu- 
rons in the brain stem nuclei or ante- 
rior horn cells in the spinal cord 
segment subserving the involved body 
part must be discharging repetitively, 
these neurons are doubtlessly being 
driven from suprasegmental levels. 
Investigators have disagreed about 
the cerebral structures that are pri- 
marily involved. 

Although we did not demonstrate 
an anatomic origin for the EPC in all 
of our cases, the results of our study 
and the evidence of other investiga- 
tions favor a primary role of the cere- 
bral cortex. The frequent coexistence 
of focal motor seizures, the disposition 
of EPC for muscles previously af- 
fected by these seizures, and the 
predilection of EPC for the face and 
hand, which are so commonly involved 
in Jacksonian epilepsy of cortical 
origin, are consistent with such a 
view. Animal studies have shown that 
facial and digital movements have 
wide areas of cortical representation 
as well as large fields of low threshold 
excitability. Also, not unlike the 
pattern seen in EPC, focal motor 
convulsions that are restricted to a 
narrow field of musculature tend to be 
clonic from the outset, of moderate 
intensity, and of longer duration.” 
Furthermore, a close counterpart to 
the clinical phenomenon of EPC can 
be found in animals after the topical 
application of strychnine and other 
convulsant agents to the motor cor- 
tex. Additional support for a cortical 
origin of the clonic jerks is provided 
by the frequent presence of discrete 
focal abnormalities in the EEGs of our 
patients and the frequent demonstra- 
tion of focal epileptiform discharges 
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of superficial cortical origin that 
preceded the movements. Enhance- 
ment by voluntary contraction or by 
movements induced by electric stimu- 
lation of the motor cortex and subja- 
cent fiber tracts also is compatible 
with this view.” 

However, it has been argued” that 
EPC can occur in the presence of a 
completely destroyed motor cortex, 
subcortical white matter, and stria- 
tum, thus raising the question wheth- 
er instances of EPC exist in which the 
origin of discharge is no higher than 
the upper brain stem. Kristiansen and 
co-workers*’ believed they presented 
evidence in favor of such occurrence. 

Analysis of the clinical and patho- 
logic aspects of our two cases with 
complete destruction of the motor 
cortex related to the affected limbs 
suggests that in case 1, at the time of 
ongoing EPC, the infarct had not 
reached its ultimate extent or sever- 
ity. The EPC in the left arm and face 
began nine days before death, and 
during this time, the patient was 
hemiparetic. Four days before he died, 
he became hemiplegic and the EPC 
ceased. In case 2, however, there was 
EPC involving both sides of the face 
and left leg until the day before death, 
and this patient was comatose 
throughout the period. Although the 
infarct seen at autopsy (Fig 6) must 
have been present during the seizures, 
the leg area of the right motor cortex 
was only partially involved, and the 
bilateral facial jerks could have ema- 
nated from the left side of the brain, 
which was much less severely dam- 
aged. 

In these two cases, correlation of 
the pathologic findings with the EEG 
abnormalities indicates that the loca- 
tion of epileptiform EEG abnormali- 
ties was situated maximally over 
regions of the brain adjacent to rather 
than within the confines of the 
infarct. In neither case could we 
conclude that all cortical areas of 
motor representation were totally 
destroyed at a time when EPC had 
been present during life. 

Juul-Jensen and Denny-Brown" 
postulated that a background of 
diffuse extrapyramidal. dysfunction 
was required for the development of 
EPC. Although in some of our cases 
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-electrophysiologic and 


there were old infarcts in the basal 
ganglia at autopsy, these were small 
and few. None of our patients on 
clinical examination had bilateral dys- 
tonia as described by Juul-Jensen and 
Denny-Brown. Occasionally, we ob- 
served dystonic posturing of a limb 
involved with EPC, but the posturing 
was subtle and tended to occur when 
the muscle twitches followed a rapid 
sequence, almost to the point of tonic 
muscle contraction. Also, in contrast 
to Juul-Jensen and Denny-Brown’s 
observation, we more frequently 
found EEG evidence of cortical 
involvement. Nonetheless, our find- 
ings do not permit us to exclude, in all 
cases, a possible supplementary con- 
tribution of extrapyramidal dysfunc- 
tion. 

Some investigators’? have reported 
patients with EPC who had anatomic 
lesions allegedly confined to subcor- 
tical locations. Destructive subcortical 
lesions, however, provide no proof of a 
subcortical origin of EPC, because 
seizures do not arise from the lesion 
itself or from structures totally de- 
stroyed by the lesion. Electrophysio- 
logic studies provide more direct 
evidence for seizure origin and indi- 
cate that the neuronal populations 
responsible for generating partial sei- 
zures may be near the lesion or some 
distance from it. In our cases, the 
pathologic 
findings provide no evidence for the 
subcortical origin of EPC and favor 
instead a primary role of the cerebral 
cortex. 


Nonproprietary Names 
and Trademarks of Drugs 


Carbamazepine— Tegretol. 
Corticotropin—Acthar, Actrope, 
phin, Depo-ACTH, Duracton. 

Mephenytoin—Mesantoin. 


Cortro- 
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Supratentorial Arachnoid Cysts in Adults 


A Discussion of Two Cases From a Pathophysiologic and Surgical Perspective 


Peter Dyck, MD, FACS, Phillip Gruskin, MD 


è Large congenital arachnoid cysts are 
a rare cause of increased intracranial 
pressure and progressive neurologic defi- 
cits in adult life. We describe two patients, 
diagnosed by computerized axial tomog- 
raphy and surgically treated. The perti- 
nent medical literature was reviewed. The 
outer cyst membranes were excised, and 
a communication between cyst and sub- 
arachnoid space was established. 

When possible, the membranes and 
fluid content of these lesions should be 
studied. This fluid is best obtained by 
aspiration prior to dural incision. At pres- 
ent, three etiologic mechanisms of cyst 
enlargement appear tenable: (1) secretion 
of fluid by ependymal cells, (2) fluid 
ingress due to an osmotic gradient, and 
finally, (3) trapping of fluid by a ball-valve 
mechanism. Regardless of the reasons 
why these lesions enlarge, drainage of 
cyst content into the venous system 
warrants a clinical consideration. 

(Arch Neurol 34:276-279, 1977) 


276 Arch Neurol—Vol 34, May 1977 


Aapa cerebral convexity cysts 
are thin-walled fluid-filled cavi- 
ties within the subarachnoid space. In 
contrast to porencephaly, they do not 
communicate with the ventricular sys- 
tem. Most frequently, these cysts 
arise within the major cerebral fis- 
sures, particularly the Sylvian fissure, 
when they occur in the supratentorial 
space. 

Weinman’ has divided them into 
“primary” and “secondary” types. The 
latter occur most frequently in chil- 
dren in association with diastatic frac- 
tures of the skull.2* The primary 
arachnoid cysts, in which trauma, 
infection, or neoplasm cannot be 
invoked as an etiologic factor, are 
probably congenital in origin.’ The 
purpose of this report is to discuss two 
giant arachnoid Sylvian fissure cysts 
that were surgically treated. The 
operative findings and a review of the 
literature are used as a basis for 
comments on the pathophysiology of 
these elusive lesions. 
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REPORT OF CASES 


Case 1.—A 61-year-old woman experi- 
enced bifrontal headaches, ataxia, and a 
personality change over a period of six 
months. At times, she experienced lanci- 
nating posterior scalp pain. For ten years, 
she was troubled by a right hemicranial 
discomfort as well. There was no history of 
cranial trauma, infection, or seizure disor- 
der. Based on the personality change, a 
diagnosis of depressive reaction was made 
several months prior to the neurological 
consultation. 

Findings of the neurologic examination 
showed bilateral chronic papilledema, hy- 
perreflexia, and clonus in the lower 
extremities, associated with bilateral ex- 
tensor toe signs. Gait was ataxic, attention 
span may have been slightly affected but 
otherwise, no other abnormalities were 
noted. A posterior fossa mass lesion was 
clinically suspected. 

Roentgenographic evidence of dorsum 
sella erosion suggested long-standing in- 
tracranial hypertension. There was no 
localized expansion, distortion, or thinning 
of the calvarium. An EEG was not 
performed. 

Computerized axial tomography showed 
a large right-sided supratentorial cyst that 
had caused a transfalcine herniation of the 
right hemisphere (Fig 1). Carotid angiog- 
raphy corroborated the presence of an 
avascular mass lesion. An anomalous 
arterial channel coursed across the base of 
the cyst (Fig 2). 

A temporal craniotomy exposed a large 
thin-walled convexity cyst. The overlying 
dura mater was attenuated and moder- 
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Fig 1.—Computerized axial tomograms before (left) and ten days after (right) Surgery are 
shown. Large arrows indicate interhemispheric midline. Small arrows point to cyst. Note 
decrease in transfalcine shift postoperatively and decrease in cyst dimension. Further 
improvement was noted on subsequent tomograms. Mild ventricular dilation ensued. 


ately tense to palpation in spite of admin- 
istered hyperventilation. The dome of the 
cyst ruptured as the incised dura mater 
was being reflected. Clear, colorless fluid 
similar to CSF escaped and was lost. 

The capping cyst membrane was trans- 
parent and resembled normal arachnoid. 
On the sides, it blended imperceptibly with 
the surface of the brain. The cyst appeared 
to arise in the Sylvian fissure and then 
expand outward. Anteriorly, a thin layer of 
frontal operculum covered the exposed 
insula. The temporal lobe was displaced 
into the floor of the middle fossa. There 
was no visible pigment deposition on the 
brain surface. An arterial vessel coursed 
along the base of the cyst. In places, this 
vessel was detached from the brain by 5 
mm or more. At the periphery, the cyst 
membrane joined normal appearing pia- 
arachnoid. Many bridging veins traversed 
the cyst cavity at its sides. The slightest 
manipulation of them caused their rupture 
and bleeding (Fig 3). 

After uncapping the lesion, meticulous 
care was taken to create a communication 
between cyst and subarachnoid space. To 
this end, the chiasmatic cistern was widely 
opened and perforations were made in the 
inner cyst membrane into the underlying 
subarachnoid space. 

Microscopic examination of the outer 
membrane showed laminated collagen 
fibers and mesothelial but no ependymal 
cells. No inflammatory reaction or hemosi- 
derin deposition was observed. These 
findings are consistent with a diagnosis of 
arachnoid cyst (Fig 4,A). 

Symptoms and signs resolved postopera- 
tively, and she has remained well during a 
one-year observation period. Serial pestop- 
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erative computerized axial tomograms 
have shown a gradual reduction in cavity 
size and resolution of the transfalcine 
shift. Mild ventricular dilation has su- 
pervened (Fig 1, right). 

Case 2.—A 58-year-old man had a pro- 
gressive left ptosis that had been devel- 
oping for more than four years. He denied 
headaches, diplopia, or eye pain. 

Findings of the neurologic examination 
confirmed the presence of a moderate left 
ptosis but no other signs of an oculomotor 
paresis. There was no papilledema or other 
neurologic deficit. On clinical examination, 
an oculomotor nerve lesion due to an 
expanding internal carotid artery aneu- 
rysm or an intracranial mass was consid- 
ered. 

An extensive roentgenographic exami- 
nation of the skull showed no abnormali- 
ties. Electroencephalography was not per- 
formed. Computerized axial tomography 
uncovered a large cyst occupying the left 
Sylvian fissure and middle cranial fossa 
(Fig 5, top left). A mass effect but no 
ventricular enlargement was evident. 

No calvarial deformation or thinning 
was noted during craniotomy. The dura 
mater was thin and tense to palpation. As 
the dura was reflected, the transparent 
cyst membrane ruptured and a greater 
part of the cyst fluid escaped. The 
remainder became blood-tinged. As in the 
previous case, the entire external mem- 
brane was excised, including a vein that 
coursed through it. The middle cerebral 
artery branches remained in close prox- 
imity to the deformed brain. Cortical veins 
bridged the cyst at the periphery. The 
basal cisterns were widely opened around 
the carotid artery and the optic chiasm to 





Fig 2.—Carotid angiogram of first case. A. 
Arrows point to artery traversing depth of 
cyst. B, Small solid arrows indicate trans- 
falcine shift, while large arrow points to 
Sylvian point that is medially displaced. 
Middle cerebral artery is elevated. Open 
arrows outline artery described in part A. 
C, Venous phase shows some of veins 
(arrows) that traversed cyst periphery. 


create a communication between cyst and 
subarachnoid space. The inner membrane 
was incised in the Sylvian fissure where 
feasible, but no attempt was made to 
remove it. 

Microscopic examination showed endo- 
thelium-lined blood channels, mesothelial 
cells, arachnoid nests, and collagen fibers; 
no hemosiderin deposition, ependymal 
cells, or inflammatory reaction was seen 
(Fig 4,B,C). 

The ptosis promptly resolved postopera- 
tively. Five months later, a mild organic 
brain syndrome and ataxia developed. 
Computerized axial tomography (Fig 5, 
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oe 
Fig 3.—Operative findings in case 1. Note transparent external 
arachnoid membrane that ruptured when dura mater was opened 
(long arrow). Two short arrows point to artery coursing bottom of 
cyst. Bridging veins are noted where membrane joins brain (dark 
arrow). 


Fig 4.—Histopathology in both cases was almost identical. A, 
Photomicrograph from case 1; B and C, Photomicrographs from 
case 2. In part A, arrow points to bifurcation in arachnoid 
membrane. Arrows in part B point to endothelial lining of vein. 
Small arrows in part C point to mesothelial cells, large arrow to 
arachnoid nest. Collagen bundles act as supporting stroma. 


Fig 5.—Top left and top right, Computerized axial tomograms 
obtained before surgery showing large left Sylvian fissure cystic 
lesion (arrows). Bottom left, Cyst (arrow) is much smaller three 
weeks after surgery. Bottom right, Cyst (arrow) is fraction of its 
former self, but ventricular system has enlarged. 


Fig 6.—Diagrammatic sketch of arachnoid cyst. Arteries appear to 
lie in close proximity to brain, veins bridge across periphery of 
cyst and come to lie in outer membrane. Inner membrane 
separates cyst from subarachnoid space. 
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bottom right) showed almost complete 
disappearance of the cyst and mass effect 
but moderate ventriculomegaly had set in. 
A ventriculoperitoneal shunt was per- 
formed. Although the observation period 
was short, the preoperative neurologic 
deficits have disappeared. 


COMMENT 


Arachnoid cysts remain an enigma 
from a pathophysiologic and, hence, 
therapeutic standpoint. Many are clin- 
ically silent throughout life; others 
appear to enlarge and cause progres- 
sive focal neurological deficits. They 
occur most commonly in childhood*-" 
but also occasionally in adult life. 
With the advent of computerized axial 
tomography, more of these lesions will 
be discovered. The authors present 
their observations, hopefully to stimu- 
late pathophysiologic reappraisal of 
these lesions. 

Observation at surgery leaves one 
with an impression that there is an 
outer and inner membrane. The sub- 
arachnoid space appears excluded 
from the cyst although the cyst arises 
within it (Fig 6). This has been corro- 
borated microscopically by Starkman.‘ 
A congenital origin is generally 
accepted but Oliver® described one 
case where histologic evidence of 
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trauma was present. Such histologic 
finding may be secondary to brain 
injury by the cyst. 

Jakubiak et al" has also pointed out 
that not all cysts are the same; some 
are lined by arachnoid, others by 
ependymal cells. 

Ependymal cells lining supratento- 
rial cysts have been observed by 
others.'* That these cells could secrete 
CSF is a possibility." Netsky, and 
Cooper and Kernohan'* have ad- 
dressed themselves to the mechanisms 
by which ependymal cells find their 
way into the subarachnoid space. 

In most instances, the cyst content 
appears indistinguishable from CSF, 
unless hemorrhage has occurred into 
the cavity.’ In these cases, the fluid is 
xanthochromic and very likely hyper- 
osmolar'". It could create an osmotic 
gradient. 

There are three reasons why we 
believe a cyst arising within the sub- 
arachnoid space could enlarge: (1) 
ingress of fluid because of an osmotic 
gradient, (2) secretion of fluid by 
ependymal cells, or (3) a ball-valve 
mechanism that traps fluid within a 
cyst. These are important delibera- 
tions from a surgical standpoint. Exci- 
sion of the outer membrane creates a 
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Catecholamine-Induced Muscle Weakness 


Mark T. Felmus, MD, PhD; Bernard M. Patten, MD; Avery Hart; Cruz Martinez 


è infusions of epinephrine or levarte- 
renol bitartrate into a rabbit nerve-muscle 
preparation decreased the force of the 
evoked twitch of anterior tibial and gas- 
trocnemius-soleus muscles. The adverse 
effect of the catecholamines was not 
directly on skeletal muscle. The a- 
receptor blocking drug phenoxybenza- 
mine hydrochloride prevented the adverse 
effect of the catecholamines if it was 
given prior to catecholamine infusions 
and unmasked a weak augmentation of 
twitch tension. Taken with the finding of 
abnormal accumulation of catecholamine 
in human dystrophic muscle, the produc- 
tion of an experimental myopathy resem- 
bling human dystrophy by the monoamine 
oxidase inhibitor pargyline hydrochloride, 
and the finding of excessive levels of 
catecholamines in the tissues and urine of 
dystrophic animals, these experiments 
support the hypothesis that catechol- 
amines could play a pathogenetic role in 
some dystrophic diseases of muscle. 

(Arch Neurol 000:000-000, 1977) 


(Arch Neurol 34:280-284, 1977) 


he cause of the muscular dystro- 

phies is clear. They are inherited 
genetic defects. The pathogenesis of 
the muscular dystrophies is not clear, 
but recent observations suggest that, 
especially in Duchenne dystrophy, 
biogenic amines may be playing a 
role.'-* Principal among these are the 
report of abnormal accumulation of 
catecholamines in human dystrophic 





Accepted for publication Jan 10, 1977. 

From the Departments of Physiology (Dr 
Felmus and Mr Martinez) and Neurology (Drs 
Felmus and Patten and Mr Hart), Baylor College 
of Medicine, Houston. 

Reprint requests to Department of Neurology, 
Baylor College of Medicine, Texas Medical 
Center, Houston, TX 77030 (Dr Patten). 


280 Arch Neurol—Vol 34, May 1977 


muscle as seen by fluorescence micros- 
copy? and the production of an experi- 
mental myopathy similar to human 
dystrophy by intraperitoneal injec- 
tions of the monoamine oxidase inhib- 
itor pargyline hydrochloride.’ Abnor- 
malities of catecholamines are also 
present in animal dystrophies. Gordon 
and Dowben,’ for instance, found 
increased levels of catecholamine in 
muscle, adrenal gland, and urine in 
Jackson 129/Re dystrophic mice, and 
Kabara et al“ reported twofold to four- 
fold elevations of norepinephrine and 
epinephrine in 24-hour urine spec- 
imens from dystrophic mice and 
hamsters compared to well-matched 
control animals. These observations 
led us to study the effects of intrave- 
nous infusions of catecholamines on a 
standard nerve-muscle preparation to 
see if an adverse effect on neuromus- 
cular function could be demon- 
strated. 


MATERIALS AND METHODS 


We performed experiments on 43 New 
Zealand white male rabbits weighing from 
2.07 kg to 3.34 kg. Each animal had an 
endotracheal tube with fittings adapted to 
a respirator, and the animals received 
assisted mechanical ventilation throughout 
the experiment. We maintained anesthesia 
with spaced injections of pentobarbital 
sodium (60 mg/ml) injected through a 
cannula placed in an ear vein. Epinephrine 
(0.05 mg/ml) or levarterenol bitartrate (0.1 
mg/ml) was infused at a rate of 1 ml/min 
for five minutes (total dose of epinephrine, 
0.25 mg per animal [dose range, 0.075 to 
0.12]; total dose of levarterenol bitartrate, 
0.5 mg per animal [dose range, 0.15 to 
0.24]). 


In 22 experiments, before, during, and 
after the infusion of epinephrine or levar- 
terenol, the cut distal end of the sciatic 
nerve was stimulated with square waves of 
2.0-msec duration applied at supramaximal 
voltage at a frequency of 0.2 stimuli per 
second. Strain gauges, attached to the 
tendons of the anterior tibial and gastroc- 
nemius-soleus muscles, transduced the 
isometric tensions that developed, and an 
oscillograph recorded the signal. A trans- 
ducer attached to a cannula measured 
blood pressure in the carotid artery. In ten 
experiments, before, during, and after the 
infusions of epinephrine of levarterenol, 
the cut distal end of the sciatic nerve was 
stimulated with square waves of 0.1-msec 
duration applied at supramaximal voltage 
at a frequency of 0.2 stimuli per second. 
Electrodes applied to a distal segment of 
the sciatic nerve transmitted the propa- 
gated compound action potential and an 
oscilloscope recorded the signal. In six 
animals, after pretreatment with a-bunga- 
rotoxin, we recorded the twitch tension 
developed by directly stimulated muscle. 


RESULTS 


Arterial blood pressure increased 
during infusion of epinephrine or 
levarterenol and stabilized at a value 
just below the baseline soon after the 
infusion stopped; in no case did blood 
pressure changes have any mean- 
ingful effect on twitch tensions. 

Figure 1 shows the composite 
results of six infusions of epinephrine 
and Fig 2 shows the composite results 
of five infusions of levarterenol. In all 
muscles, the decrease of twitch ten- 
sion began after the third minute of 
infusion and became maximal at 10 to 
20 minutes after the infusion had 
stopped. Fifty-five minutes after the 
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Fig 1.—Effect of epinephrine infusion on single twitch tension in 
nerve-muscle preparation. Composite of average change in 
twitch tension from baseline values in six animals infused with 
0.05 mg/ml of epinephrine, 0.5 ml/0.5 min from zero to five 
minutes. Stimulus: frequency, 0.2/sec; duration, 2.0 msec. 


Fig 2.—Effect of levarterenol bitartrate on single twitch tension in 
nerve-muscle preparation. Composite of average change in 
twitch tension from baseline values in five animals infused with 
0.1 mg/ml of levarterenol bitartrate, 0.5 ml/0.5 min from zero to 
five minutes. Stimulus: frequency, 0.2/sec; duration, 2.0 msec. 


end of the infusion, all muscles had 
recovered partially, although none had 
recovered completely. Both epineph- 
rine and levarterenol caused a greater 
decline below baseline in the twitch 
tension of anterior tibial muscle com- 
pared to gastrocnemius-soleus (70% 
decline in anterior tibial vs 40% 
decline in gastrocnemius-soleus). 
Phenoxybenzamine hydrochloride 
(a-receptor blocker), 8.0 mg intrave- 
nously, prevented  epinephrine-in- 
duced weakness in both anterior tibial 
and gastrocnemius-soleus muscles and 
appeared to unmask an augmenting 
effect where the twitch tension of 
anterior tibial muscle rose for 15 
minutes peaking at a level of 17% 
above baseline tension, and the twitch 
tension of gastrocnemius-soleus rose 


Arch Neurol—Vol 34, May 1977 





for 45 minutes peaking 13% above 
baseline tension (Fig 3). Phenoxyben- 
zamine reduced levarterenol-induced 
weakness in anterior tibial from 70% 
decline to a 25% decline and unmasked 
a rise in anterior tibial tension lasting 
12 minutes and peaking at 10% above 
baseline (Fig 4). Phenoxybenzamine 
prevented the levarterenol-induced 
decline in gastrocnemius-soleus ten- 
sion and unmasked a rise in tension 
lasting 12 minutes and peaking 13% 
above baseline (Fig 4). 

Propranolol hydrochloride (f-recep- 
tor blocker), 3.0 mg intravenously, did 
not prevent catecholamine-induced 
muscle weakness (Fig 5 and 6). 

One and one-half hours after the 


infusion 





acetic and pyruvic transaminases, lac- 
tic dehydrogenase, creatine phospho- 
kinase, aldolase, K+, HCO,,-, CA**, and 
POF were measured and compared 
with results from rabbits infused with 
saline only; there were no significant 
differences in enzyme activities or 
electrolyte concentrations (P < .05). 
In two experiments, muscle biopsy 
specimens of anterior tibial and 
gastrocnemius-soleus muscles re- 
moved 1'2 hours after catecholamine 
infusions showed no abnormalities in 
the diphosphopyridine nucleotide tet- 
razolium reductase, myofibrillar ade- 
nosine triphosphatase activity at pH 
9.4, or modified trichrome stains. 

In ten animals infused with epi- 
nephrine or levarterenol at the above 
doses, the compound action potential 
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Fig 3.—Effect of phenoxybenzamine hydrochloride on epineph- 
rine-induced muscle weakness. After intravenous treatment with 
phenoxybenzamine hydrochloride, 8.0 mg, epinephrine infusion 
had little adverse effect on tension developed by either muscle 
(five animals). 
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Fig 4.—Effect of phenoxybenzamine hydrochloride on levartere- 
nol-induced muscle weakness. After intravenous treatment with 
phenoxybenzamine hydrochloride, 8.0 mg, levarterenol caused a 
decline to 76.3% of baseline strength in anterior tibial strength 
and had little adverse effect on gastrocnemius-soleus twitch 


of the sciatic nerve did not change, 
during or after the infusion with 
respect to propagation velocity or the 
maximum deflection or duration of 
the action potential. Levarterenol 
infusion caused a 20% decrease in the 
area under the nerve action potential 
trace five minutes after the end of the 
infusion, and baseline values had 
returned by 35 minutes. Epinephrine 
did not change the area under the 
action potential trace. Six additional 
animals underwent infusion of the 
catecholamines at the above dosages 
after pretreatment with a-bungaro- 
toxin, 200 to 500 ug per animal, in 
order to achieve complete and irre- 
versible neuromuscular blockade. The 
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strength (four animals). 


twitch tensions of directly stimulated 
muscles did not decline with either 
epinephrine or levarterenol. Instead, 
epinephrine infusion caused a rise in 
twitch tension in anterior tibial which 
lasted 24 minutes and peaked 25% 
above baseline. Epinephrine also 
caused a rise in twitch tension in 
gastrocnemius-soleus lasting more 
than 60 minutes and peaking at 22% 
above baseline (Fig 7). Levarterenol 
caused a rise in twitch tension in both 
muscles. With levarterenol, the rise in 
anterior tibial tension lasted 24 min- 
utes and peaked at 30% above base- 
line, and the rise in gastrocnemius- 
soleus tension lasted only ten minutes 
and peaked 20% above baseline. 


COMMENT 


In these experiments, we found that 
infusions of the catecholamines epi- 
nephrine and levarterenol may induce 
a decrease in twitch tension in a stan- 
dard nerve-muscle preparation. The | 
effect was greater for anterior tibial, 
usually considered a predominantly 
fast-twitch, glycolytic muscle, than it 
was gastrocnemius-soleus, usually 
considered a slow-twitch, oxidative 
muscle. Patten et al' demonstrated 
similar differential adverse effects on 
anterior tibial compared to soleus 
muscles during serotonin infusions. 
Interestingly, the differential effect 
on anterior tibial and gastrocnemius- 
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Fig 5.—Effect of propranolol hydrochloride on epinephrine- 
induced muscle weakness. After intravenous treatment with 
propranolol hydrochloride, 3.0 mg, epinephrine infusion had an 
adverse effect on tension developed by both muscles (three 


Fig 6.—Effect of propranolol hydrochloride on levarterenol- 
induced muscle weakness. After intravenous treatment with 
propranolol hydrochloride, 3.0 mg, levarterenol infusion had an 
adverse effect on tension developed by both muscles (three 


animals). 


soleus muscles, the time course of 
action, and the degree of weakness 
were the same for both catechol- 
amines. Since epinephrine and 
levarterenol are a-receptor agonists, 
but only epinephrine has substantial 
f-receptor effects, we suspected that 
the adverse action of catecholamine 
on skeletal muscle twitch tension 
might be a-receptor mediated. This 
hypothesis was proved correct by the 
demonstration that phenoxybenza- 
mine, an a-receptor blocking agent, 
substantially prevented the adverse 
effect of either epinephrine or 
levarterenol. Phenoxybenzamine also 
unmasked a weak (compared to the 
adverse effect) augmentation of 
twitch tension that was more pro- 
nounced for epinephrine and best seen 
in the gastrocnemius-soleus muscle 
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animals). 


(Fig 3). Because the augmentation, 
but not the adverse effect, was 
present when muscles were directly 
stimulated with neuromuscular trans- 
mission completely blocked by a- 
bungarotoxin (Fig 7) and was again 
shown to be more pronounced for 
epinephrine than for levarterenol (Fig 
7 compared to Fig 8), we conclude that 
catecholamines have complex effects 
on skeletal muscle single twitches 
including a f-receptor-mediated aug- 
mentation of directly stimulated mus- 
cle and an a-receptor-mediated decre- 
ment on indirectly stimulated mus- 
cle. 

The exact mechanism by which the 
adverse effects of the catecholamines 
occur is unclear. An action on blood 
vessels seems unlikely because epi- 
nephrine infused intravenously causes 


a very large but transient increase in 
skeletal muscle blood flow, followed by 
a fall to about double the resting 
flow.” This is due to the more powerful 
-receptor vasodilation action fol- 
lowed by a vasoconstrictor action on 
the a-receptor. These vascular effects 
are independent of cardiac or central 
reflex effects and obviously do not 
explain why a muscle with increased 
blood flow should get weaker. Inter- 
estingly, levarterenol causes no 
change or a decrease in skeletal 
muscle blood flow,’ yet its adverse 
effects on twitch was the same as 
epinephrine. Agents having dissimilar 
effects on blood flow should not show 
similar adverse effects on twitch 
strength if they exerted their effect 
through a common vascular mecha- 
nism. Also unexplained by a blood 
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Fig 7.—Effect of a-bungarotoxin on epinephrine-induced muscle 
weakness. After intravenous treatment with a-bungarotoxin, 200 
to 500 ug, epinephrine infusion had an early augmentation effect 
on tension developed by both muscles, but little late adverse 
effect on tension developed by either muscle. Animals were 
infused with 0.05 mg/ml of epinephrine, 0.5 ml/0.5 min from zero 
to five minutes. Stimulus: frequency, 0.2/sec; duration, 2.0 msec. 
(Anterior tibial muscle, three experiments; gastrocnemius-soleus 
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Fig 8.—Effect of a-bungarotoxin on levarterenol-induced muscle 
weakness. After intravenous treatment with a-bungarotoxin, 200 
to 500 yg, levarterenol infusion had an early augmentation effect 
on tension developed by either muscle. Animals were infused with 
0.1 mg/ml of levarterenol bitartrate, 0.5 ml/0.5 min from zero to 
five minutes. Stimulus: frequency, 0.2/sec; duration, 2.0 msec. 
(Anterior tibial muscle, two experiments; gastrocnemius-soleus 
muscle, two experiments.) 





muscle, six experiments.) 


vessel mediated mechanism would be 
the absence of an adverse effect of 
catecholamines when muscle was 
stimulated directly. Since our experi- 
ments showed that the action poten- 
tial of peripheral nerve was not 
considerably changed by catechol- 
amine infusion and that postsynaptic 
blockage prevented the catechol- 
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amine-induced weakness, by deduc- 
tive reasoning, the most logical site 
for the a-receptor mediating catechol- 
amine-induced weakness is the presy- 
naptic region of the neuromuscular 
junction. 

Whatever the exact mechanisms 
may be, the results confirm that cate- 
cholamines have the potential to 
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The Relationship 
of Arterial Hypertension 


to Intracranial Aneurysms 


William F. McCormick, MD, Elisabeth J. Schmalstieg, MD 


è The rather widely held belief that 
systemic arterial hypertension is a major 
factor either in the genesis of saccular 
aneurysms or in their subsequent rupture 
is questioned on the basis of our clinical 
and pathological analysis of 250 patients 
with aneurysms. Analysis of 150 patients 
with ruptured and 100 patients with unrup- 
tured saccular aneurysms for clinical and 
morphologic evidence of hypertension re- 
vealed no notable excess over an age- 
and sex-matched control autopsy popula- 
tion. There is no evident association of 
hypertension with multiplicity of aneu- 
rysms, the age at which aneurysms pre- 
sent clinically, or with their rupture. All 
available data clearly indicate that saccu- 
lar aneurysms can arise in the absence of 
fixed arterial hypertension and that they 
can also rupture in the absence of fixed 
hypertension. 

(Arch Neurol 34:285-287, 1977) 
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truly critical analysis of the role of 

systemic arterial hypertension 

in the genesis of intracranial saccular 

aneurysms or in the subsequent rup- 

ture of such aneurysms has not been 
published. 

Some authors seem to have taken a 
strong stand as to the pathogenetic 
role of hypertension, stating that “it 
is fairly certain that high blood pres- 
sure predisposes the patient to sub- 
arachnoid hemorrhage and perhaps to 
aneurysm formation.”' or 


The two main aetiological factors in the 
busting of intracranial vessels... are weak 
spots in the vessel wall and arterial hyper- 
tension... the weak spots may be assumed 
to be of congenital origin and their evolu- 
tion into microaneurysms or even macro- 
scopically visible aneurysms to be an effect 
of systemic hypertension.’ 


Others have concluded that hyperten- 
sion is “significantly increased in 
persons with aneurysms than in the 
control group” (while noting that “the 
incidence [sic] of hypertension was 
not significantly greater when the 
aneurysm was the cause of death than 
when it was found incidentally at 
autopsy”).? Standard American pa- 
thology textbooks*’ take a relatively 
strong position regarding the rela- 
tionship of hypertension to saccular 
aneurysms. One favors their role in 


causing rupture? and the other® in 
their genesis, but noting no increased 
relationship with ruptures. Similarly, 
the most widely used English lan- 
guage neuropathology text" states 
that “hypertension is present in more 
than half the cases and must be 
considered to play an important 
secondary role in the pathogenesis of 
these aneurysms and their rupture.” 
The national cooperative study of 
subarachnoid hemorrhage’ was am- 
biguous and internally contradictory 
regarding the role of hypertension in 
formation, enlargement, and rupture 
of aneurysms. In their analysis of 
patients with unruptured aneurysms, 
41% were noted to be hypertensive. 
The conclusions were 


The data do not show earlier maturation 
(enlargement) in hypertensive patients. If 
anything, the correlation appears to be 
negative, as more aneurysms reached crit- 
ical size at an earlier age in normotensive 
patients than in hypertensive patients.’ 


These and other published opinions 
have been summarized in recent mon- 
ographs.** , 

It is our intention to present an 
analysis of our findings concerning 
hypertension in 250 patients with 
proved intracranial saccular aneu- 
rysms and to compare them with a 
“control,” nonaneurysm population. 
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Study Group N 
Proved aneurysm wA 
Ruptured aneurysm; autopsy 100 
Unruptured aneurysm; autopsy 100 
Clinically demonstrated aneurysm; 
living or dead with no autopsy 50* 
Nonaneurysm control $F 
General autopsy population 500 
Neurological autopsy population 100 


*Forty-eight ruptured and two “‘incidental.”’ 


SUBJECTS AND METHODS 
Aneurysm Population 


The clinical records and autopsy proto- 
cols of 200 patients with anatomically 
demonstrated aneurysms were analyzed. 
One hundred of these patients had proved 
ruptured aneurysms and 100 had inciden- 
tal, unruptured aneurysms. An additional 
50 clinical patients with angiographically 
proven aneurysms were analyzed by strict- 
ly clinical criteria for evidence of hyperten- 
sion. 


Control Population 


The clinical records and autopsy protocol 
of 500 adult patients who underwent 
autopsy during the same time period as the 
patients with aneurysms were examined 
for evidence of hypertension. Two hundred 
fifty of these patients were from the Uni- 
versity of Iowa Hospitals and 250 from 
University of Texas Medical Branch 
(UTMB) Hospitals and were selected in the 
manner previously reported.’ These pa- 
tients were reasonably closely matched by 
age, sex, and race to the aneurysm popula- 
tion. An additional 100 consecutive non- 
aneurysm autopsied patients from the 
neurological services at UTMB were exam- 
ined for hypertension. 


RESULTS 


The youngest patient dying with an 
autopsy-proved ruptured aneurysm 
was 20 years old and the oldest was 75, 
with the majority between the ages of 
45 and 55. Their average age at death 
was 49.0 years. The ages at autopsy of 
the 100 patients with unruptured 
aneurysms found incidently at autop- 
sy ranged from 23 to 96 years, with an 
average age of 61.9. 

The prevalence of systemic hyper- 
tension, defined as a blood pressure of 
140/90 mm Hg or greater based on 
clinical preictal blood pressure record- 
ings, a documented history of medi- 
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Clinical Findings 
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Average Hypertension Total % With 
Age, yr by Group Hypertension 
E, re 39.0 
49.0 37.0 
61.9 43.0 
47.8 36.0 ane 
Pay oa 41.3 
53.3 43.6 
47.7 30.0 


cally treated hypertension prior to 
final hospitalization, and/or a heart 
weight of greater than 350 gm in 
women and 400 gm in men, was 
present in 37% of the patients with 
ruptured aneurysms and in 43% of the 
patients with incidental, unruptured 
aneurysms. 

The average age of the 37 autopsied 
patients with “hypertension” and a 
ruptured aneurysm was 55.2 years, 
whereas the average age of the 63 
normotensive autopsied patients with 
ruptured aneurysms was a decade 
younger—45.3 years. For those pa- 
tients with unruptured aneurysms, 
the average age of the hypertensives 
was 63.6 years and 58.9 for the normo- 
tensives. 

No notable difference in the num- 
ber of patients in the hypertensive vs 
normotensive groups could be found 
in the analysis of patients with 
multiple vs single aneurysms. Twen- 
ty-five percent of the aneurysm popu- 
lation, both ruptured and unruptured, 
had two or more aneurysms. 

Using similar clinical and autopsy 
criteria, the prevalence of hyperten- 
sion in the nonaneurysm control popu- 
lation of 500 patients was 43.6%. The 
age range for this control population 
was 20 to 93 years, with an average of 
53.3. These controls did include some 
patients with arteriosclerotic heart 
disease, renal disease, and occlusive 
strokes (infarcts), as does any hospital 
autopsy population. No difference in 
the prevalence of these disorders were 
detected between the controls and the 
patients with autopsy-proved aneu- 
rysms. 

The prevalence of hypertension 
among the control subset of 100 conse- 
cutive nonaneurysm patients from the 
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neurology and neurosurgery services 
dying with various nonaneurysmal 
CNS diseases was 30%. The average 
age of this group was 47.7 years, the 
relatively younger age being due to 
the large number of trauma cases. 

The possibility that our exclusive 
use of an autopsy population would 
bias our findings was considered, and 
an attempt was made to overcome 
such a potential bias by using a clin- 
ical population of 50 consecutive 
patients with angiographically proved 
saccular aneurysms. This clinical 
group was made up of patients with 
an average age of 47.8 years. The 
prevalence of clinical hypertension in 
this group was 36%. Twenty-eight 
percent of these clinically studied 
patients died. There was no notable 
age difference between those patients 
with hypertension and those without. 

The results of some of these 
findings are summarized in the 
Table. 


COMMENT 


Thirty-nine percent of our 250 
patients with aneurysms were found 
to be hypertensive, as defined. There 
was relatively little difference in the 
prevalence of hypertension between 
our autopsied patients with ruptured 
and unruptured aneurysms. The slight 
difference observed (37% vs 48%) 
could possibly be due to the older 
average age of the patients with 
unruptured aneurysms. There were 
only two “clinical” patients with “inci- 
dental” aneurysms, 42 and 71 years of 
age, and both were normotensive. 

Even more important is the failure 
to demonstrate any meaningful dif- 
ference in the prevalence of hyperten- 
sion between our 250 patients with 
aneurysms and our control popula- 
tions (600 patients). Indeed, the over- 
all prevalences of 39.2% vs 41.3% are so 
close as to be statistically the same. 

The recently reported prevalence of 
hypertension (blood pressure, 140/90 
mm Hg) in the extensive evaluation of 
the Community Hypertension Evalua- 
tion Clinic program was 24.7% for all 
ages, with a third of all people 
between 40 and 70 years having a 
diastolic blood pressure greater than 
90 mm Hg.” Quite similar prevalence 
figures (38.5%) were found in people 
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45 years of age and older in the recent 
National Health Survey study. The 
somewhat greater prevalence of hy- 
pertension in our study population, 
both aneurysm and control, reflects 
the higher prevalence usually reported 
in hospital vs ambulatory, nonhospi- 
talized populations. 

A “negative study” such as this can 
not prove the absence of any associa- 
tion between high blood pressure and 
intracranial saccular aneurysms. It 
can only serve to cast very serious 
doubt as to a major cause and effect 
relationship between the two. Clearly, 
one can have an aneurysm and not 
have fixed arterial hypertension. 

Based on the prevalence of hyper- 
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tension (as we have defined it) in our 
hospital autopsy control populations 
and that reported in two large ambu- 
latory populations,'''* we do not find a 
notable excess of hypertension in our 
aneurysm population. We do not be- 
lieve that present data support the 
rather widely held belief that hyper- 
tension is a major factor in the 
genesis of intracranial saccular aneu- 
rysms, as the major factor in their 
rupture or in whether the aneurysms 
are single or multiple. Thus, it is not 
surprising that statements such as 
“the possible role of hypertension in 
the aetiology of cerebral aneurysms is 
obscure have been published. 

It is equally clear that saccular 
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aneurysms can and do rupture in the 
absence of fixed arterial hyperten- 
sion. It is obvious that no study such 
as this can prove the absence of tran- 
sient elevations in arterial blood pres- 
sure immediately prior to aneurysm 
rupture. The limited data currently 
available do illustrate marked normal 
and physiologic elevations in blood 
pressure during every day life." It 
is possible that these transient eleva- 
tions can play a role in aneurysm 
rupture.’ That this role is not all 
important is obvious from the fact 
that most aneurysms never rup- 
ture’'*'" while all people have these 
transient blood pressure elevations. 
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Fatty Acid Composition of Lipids 


in Cerebral Myelin and Synaptosomes 


in Phenylketonuria and Down Syndrome 


Ronald C. Johnson, PhD; Charles M. McKean, MD; Shantilal N. Shah, PhD 


e Lipid and fatty acid composition of 
myelin and synaptosomes isolated from 
brains of phenylketonuric (PKU) and 
Down syndrome (DS) patients and pa- 
tients with neither of these disorders was 
determined. No differences were ob- 
served in the proportions of cholesterol to 
phospholipids in synaptosomes and cho- 
lesterol to galactolipids to phospholipids 
in myelin or in the fatty acid composition 
of phospholipids in synaptosomes. How- 
ever, the myelin from PKU brains con- 
tained reduced proportions of unsatu- 
rated and long-chain fatty acids. We 
conclude that genetic PKU and its experi- 
mental model have in common a defect in 
cerebral fatty acid metabolism, and that 
cerebral lipid abnormalities in this condi- 
tion, rather than being generalized, may 
be confined to the glial cell population 
that synthesizes myelin. We further con- 
clude that DS is not associated with an 
abnormality of cerebral lipid metabolism. 

(Arch Neurol 34:288-294, 1977) 


tudies from this laboratory have 
demonstrated a similarity be- 
tween cerebral myelin abnormalities 
occurring in phenylketonuric (PKU) 
individuals and those occurring in rats 
with experimentally induced hyper- 
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phenylalaninemia. In both hyperphen- 
ylalaninemic conditions, there is a 
reduced amount of recoverable my- 





elin, but the myelin is normal with 
respect to relative proportions of 
cholesterol, galactolipid, and phospho- 
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lipid.* Recently, the myelin from 
hyperphenylalaninemic rats has been 
found to be abnormal with respect to 
fatty acid composition in that the 
ratios of monounsaturated to satu- 
rated and long-chain to medium-chain 
fatty acids are both low.+* We have 
now analyzed the fatty acid composi- 
tion of purified myelin obtained from 
brains of PKU individuals in order to 
determine whether these fatty acid 
abnormalities also occur in the human 
PKU condition. In addition, the fatty 
acid and lipid compositions of synap- 
tosomal fractions derived from brains 
of PKU and non-PKU individuals was 
analyzed in order to determine wheth- 
er such abnormalities occur in the 
lipids of synaptic as well as myelin 
structures. 

In the present investigation, we 
have also analyzed the fatty acid and 
lipid composition of myelin and 
synaptosomes derived from brains of 





E A four individuals with Down syndrome 

i nt (DS). The results of these analyses are 
Se ee in essential agreement with Stephens 
we > i and Menkes, who concluded from 
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w apk. their studies of white matter that 
AA “es x \ "=. cerebral lipid metabolism is not appre- 
. ga on jä ciably affected in this disease. 
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Fig 2.—Electron micrograph of synaptosomal preparation. SYN indicates intact synapto- 
some; SV, synaptic vesicles; MT, mitochondria ( x 180,000). 


Table 1.—Fatty Acid Composition of Total Lipids 
in Cerebral Myelin and Synaptosomes of Phenylketonuric, 
Down Syndrome, and Nonphenylketonuric Patients 


Myelin * Synaptosomes * 
, nant ate SREE 
Nonphenyl- Phenyl- Down 
ketonuric ketonuric Syndrome 


39.10 £227 30.80 +2.76 33.50 +2.81 
17.20 0:79 16.20 +1.47 17,501 :22 
36.80 + 5.67 36.80 +3.62 38.50+3.91 


Nonphenyl- Phenyl- Down 
ketonuric ketonuric Syndrome 


19.204 2.75 25.20+1.03 22+1.52 
31.90 + 3.82 24.40+1.62 30+ 2.44 
21.70+1.76 31.60+1.10 24+ 1.60 


Fatty Acid 


Unsaturated/ 
saturated 


Long-chain 
medium-chain 


3.30+0.21 
Trace 
3.22+0.20 
2.79+ 0.69 
3.27+0.45 
6.57+0.87 
4.80+ 0.61 
2.60+0.32 
4.30+0.70 


0.89+0.02 


0.34+0.02 


1.55+0.38 


9.76+0.60 

4.35+0.58 
Trace 

2.40+0.55 


0.64+0.02T 


0.20+0.01T 


4.22+0.58 
Trace 
2.60+0.19 


Trace 
7.44+ 0.86 
3.87 +0.44 

Trace 


0.92 +0.05} 


0.34+ 0.04} 


3.92+ 1.18 
1.05 +0.32 


8.25 +0.98 


0.44 +0.02 


0.11 +0.02 


4.67 +0.63 
3.27 +0.98 


8.95 +0.90 


0.44+0.01Ł 


0.15 +0.02 


* Values are expressed as a percentage of the total fatty acids + SD. The number of samples was four for each group. 


4.82 +1.70 


8.62 +0.72 


0.43 +0.02} 


0.11 +0.01 





+ Significantly different from nonphenylketonuric myelin (P<.01). 
Not significantly different from nonphenylketonuric myelin or synaptosomes (P>.1). 
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Table 2.—Fatty Acid Composition of Phospholipids in Cerebral Myelin 
of Phenylketonuric, Down Syndrome, and Nonphenylketonuric Patients 


Phosphatidvicholine* 


| F 


Phosphatidylethanolamine* Phosphatidalethanolamine* 


Nonphenyl- Phenyl- Down Nonphenyl- Phenyl- Down Nonphenyl- Phenyl- Down 

Fatty Acid ketonuric ketonuric Syndrome ketonuric ketonuric Syndrome ketonuric ketonuric Syndrome 

16:0 12.80+1.41 14.00+1.71 12.90+0.87 40.20+1.39 39.90+3.68 40.10+1.39 16.00+1.14 20.10+2.57 19.20+2.31 

18:1 43.20+2.02 35.00+5.41 40.60+1.86 36.60+2.61 34.70+2.38 35.70+1.53 46.00+2.44 43.90+2.57 44.70+2.10 

18:0 16.90+2.04 22.80+4.26 18.70+1.70 24.30+2.14 25.30+2.58 26.70+1.81 40.50+0.92 35.80+3.50 37.90+3.51 

20:4 10.40+0.32 13:70 £2.16 7.55+1.22 

20:1 9.95+0.41 7.65+1.61 10.60+0.67 

22:6 12.40+1.77 6.37+1.30 13.50+0.94 i. as ER EE Rae nee 

ere 2.27+0.06 1.39+0.12tT 2.18+0.04¢ 0.56+0.08 0.55+0.03 0.56+0.01$ 0.85+0.03 0.85 +0.03} 0.80+0.05+ 

saturate 


* Values are expressed as a percentage of the total fatty acids + SD. The number of samples was four for each group. 
+ Significantly different from nonphenylketonuric myelin (P<.01). 
+ Not significantly different from nonphenylketonuric myelin (P>.1). 


Fatty Acid 


Nonhydroxy Fatty Acid 
Cerebrosides* 


Nonphenyl- 
ketonuric 


7.67 +0.46 
Trace 
10.70+1.16 
6.42+1.13 
8.45+1.02 
25.60 + 2.59 
17.60+2.19 
7.16+1.68 
19.40+3.02 


Table 3.—Fatty Acid Composition of Sphingolipids in Cerebral Myelin 
of Phenylketonuric, Down Syndrome, and Nonphenylketonuric Patients 


Phenyl- 
ketonuric 


7.03+1.16 


17.60 +1.89 
4.25+1.17 
6.62 + 0.67 

23.00 + 4.82 

13.80= 1.80 
7.90+1.18 

1§.70£3.15 


Long-chain/ 4.33+0.19 
medium-chain 


Hydroxy Fatty Acid 
Cerebrosides* 


Down 
Syndrome 


7.65+ 1.42 


Nonphenyl- 
ketonuric 


Phenyl- 
ketonuric 


10.80+ 2.09 
6.15+1.92 
7.80+ 1.51 

26.10+ 2.06 

18.10+1.74 
8.68 + 1.31 

17.70£2.13 


5.18+0.69 
11.10+1.71 
26.30+3.16 
5430+2.78 
482+0.84 


11.60+ 1.90 
14.80+1.31 
17,7035 1.71 
51.20+ 7.38 

5.55+ 1.61 


3.11+0.06+ 4.42+0.53 





Down 
Syndrome 


9.42+0.65 
13.10+1.52 
15.40+1.91 
50.10+0.62 
6.51 £0.61 


Sphingomyelin* 


Down 
Syndrome 


7.10+1.17 


Nonphenyl- Phenyl- 
ketonuric ketonuric 


6.71+1.00 2.97+1.30 
Trace 2.63+0.74 
47.00+2.91 53.90+7.94 
4.62+0.69 
7.15+0.91 
15.80 + 1.00 
9.32+2.60 
4.40+1.09 
9.18+2.40 
0.94+0.08 


44.60+3.13 
3.73 +£1.13 
5.64+1.42 
8.80 +1.25 
8.714265 17.40+2.43 
Trace 3.26+0.48 
9.28+1.63 10.70+0.42 
0.65+0.08T 0.94+0.04 


19.80 + 2.31 


* Values are expressed as a percentage of the total fatty acids + SD. The number of samples was four for each group. 
+ Significantly different from nonphenylketonic myelin (P<.01). 


PATIENTS AND METHODS 


Brain tissue was obtained from three 
groups of patients. One group consisted of 
four individuals who had a diagnosis of 
PKU. Three of these were men (20, 28, and 
29 years old) who died of bronchial pneu- 
monia and one was a woman (26 years old) 
who died of cerebrovascular hemorrhage. A 
second group consisted of four individuals 
with a diagnosis of DS. Three were men 
(18, 19, and 32 years old) and one was a 
woman (18 years old), all of whom died of 
bronchial pneumonia. Four patients who 
had a diagnosis other than PKU or DS 
formed the third group. The individuals in 
this group were designated as non-PKU 
and consisted of a 16-year-old boy who 
suffered from a convulsive disorder and 
died of bronchial pneumonitis. The others 
were an 18-year-old boy who died of 
myocardial infarction, a 22-year-old man 
who had a spastic quadriplegia of unknown 
origin and who died of bronchial pneumo- 
nia, and a 76-year-old man who had a 
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perinatal trauma and died of cerebrovas- 
cular hemorrhage. 
isolation and Characterization 
of Myelin and Synaptosomal 
Fractions 


The tissues were obtained within 12 
hours of death and stored at —90 C. White 
and grey matter were separated from 
freshly thawed tissue, and myelin was 
prepared from the white matter as 
previously described.* Synaptosomes were 
isolated from homogenates of grey matter 
by the method of Kurokawa et al.’ The 
synaptosomal pellet was resuspended in 2 
ml of 0.32M sucrose solution, dialyzed for 
24 hours against distilled water, and then 
lyophilized. For electron microscopical ex- 
amination, the myelin and synaptosomal 
pellets were transferred to ice-cold 3% (v/ 
v) glutaraldehyde buffered with 0.1M phos- 
phate (pH, 7.4) and fixed for 12 hours. The 
glutaraldehyde was decanted, and the 
fixed fractions were thoroughly washed 
with 0.1M phosphate buffer (pH, 7.4). The 


samples were postfixed for one hour in 2% 
osmium tetroxide in phosphate buffer and 
were dehydrated in graded ethanol solu- 
tions (85%, 50%, 75%, 100%, and 100%). The 
dehydrated pellets were washed twice with 
propylene oxide, embedded in Epon 812, 
and allowed to polymerize for 24 hours at 
40 C and an additional 48 hours at 65 C. The 
embedded tissues were then sectioned with 
glass knives on an ultramicrotome. Sec- 
tions were mounted on 300 mesh copper 
grids, counterstained with uranyl acetate 
and lead citrate, and scanned under an 
electron microscope. 


Lipid and Fatty Acid Analysis 


Lipids were extracted from the lyophil- 
ized myelin and synaptosomes as previous- 
ly described.’ The separation of cholesterol, 
phospholipids, and galactolipids was 
achieved by thin-layer chromatography 
(TLC) on silica gel G plates with a chloro- 
form to methanol to water ratio of 65:35:4 
(v/v/v) as the developing solvent. Lipid 
spots were visualized with iodine vapor and 
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le 


Phosphatidylinositol and 
Phosphatidylserine* 


Nonphenyl- Phenyl- Down 
ketonuric ketonuric Syndrome 
8.92+1.73 10.40+1.79 7.87 +0.64 

25.80+ 2.89 15.10+3.51 25.20+2.35 

52.90+1.50 73.80 + 2.82 55.30+3.51 
12.00+ 1.87 7.31+1.29 11.90+1.07 
0.60+0.03 0.26+0.0it 0.60+0.03¢ 


identified by the use of known standards. 
Cholesterol was determined by a modifica- 
tion® of the procedure of Eng and Noble.* 
Cerebrosides and sulfatides were esti- 
mated by the method of Svennerholm,’ and 
phospholipids by the method of Rouser et 
al.'° The plasmalogen content of the etha- 
nolamine phosphoglyceride fraction was 
determined as described by Sun and Sun.” 
Aliquots of a lipid extract were applied in 
duplicate to silica gel G plates prepared in 
0.01M Na.CO, and developed in unlined 
chambers employing a chloroform to 
methanol to ammonia ratio of 65:35:4 (v/v/ 
v) as the developing solvent. The ethanol- 
amine phosphoglyceride fraction was 
eluted with a chloroform to methanol ratio 
of 9:1 (v/v). After evaporating the solvent, 
the resulting residue was applied in dupli- 
cate to silica gel G plates, and one of the 
duplicate samples was layered with 1.2N 
HCl in methanol under a stream of 
nitrogen. The plates were developed in a 
chloroform to methanol to ammonia ratio 
of 65:35:4 (v/v/v). The bands migrating 
with ethanolamine phosphoglycerides were 
scraped into test tubes for estimation of 
phosphorous levels. The plasmalogen con- 
tent was computed from the difference in 
the phosphorous content of the ethanol- 
amine phosphoglyceride region of the 
sample layered with 1.2N HCl and the 
untreated sample. 

Fatty acids and fatty aldehydes were 
analyzed by gas-liquid chromatography 
(GLC) as described previously.» Methyl 
esters of fatty acids and dimethylacetals of 
fatty aldehydes were prepared in 5% 
methanolic HCl and purified by TLC for 
analysis on GLC. Individual fatty acids in 
the samples were identified by comparing 
their retention time with that of a known 
fatty acid standard. 


RESULTS 


An electron micrograph of the 
myelin pellet (Fig 1) shows the charac- 


Arch Neurol—Vol 34, May 1977 


teristic laminar ring and the absence 
of axons. An electron micrograph of 
the synaptosomal pellet (Fig 2) shows 
electron-dense particles that can be 
identified as synaptosomes. The syn- 
aptosomal fraction contained some 
synaptic vesicles as well as mitochon- 
dria. Some disrupted synaptosomes 
and membranous fragments are pres- 
ent, but there appears to be no myelin 
contamination. 

The fatty acid analyses of total 
lipids in myelin and synaptosomes are 
summarized in Table 1. The major 
fatty acids in synaptosomal lipids 
were C16:0, C18:0, C18:1, and C22:6. 
Fatty acids containing more than 22 
carbon atoms were not detected in 
synaptosomal fractions but were 
found in significant amounts in the 
myelin. The myelin lipids from PKU 
brain contained reduced proportions 
of unsaturated and long-chain fatty 
acids as compared to the myelin from 
non-PKU and DS brains, but there 
was no significant difference in the 
fatty acid composition of synapto- 
somal lipids among the three groups 
of patients. The ratio of the total 
unsaturated to saturated fatty acids 
in myelin from PKU brain was lower 
(0.64) than that from DS and non- 
PKU patients (0.92 and 0.89). The 
myelin fractions from PKU brains 
contained significantly less C18:1, 
C20:1, and C22:6 fatty acids, and a 
slightly higher amount of 24:1, as 
compared to that in myelin from non- 
PKU and DS brain. The ratio of long 
chain to medium chain fatty acids was 
lowest in the PKU myelin (0.22), as 
compared to non-PKU and DS myelin 
(0.34). 

The fatty acid composition of indi- 
vidual phospholipids in myelin is 
shown in Table 2. The most abundant 
fatty acids of phosphatidylethanol- 
amine were those with 16 and 18 
carbon atoms (70% to 75%). The 
concentration of unsaturated fatty 
acids in this fraction from PKU and 
non-PKU myelin was significantly 
different. This difference was largely 
reflected in the 18:1 to 18:0 ratio (1.53 
in PKU myelin vs 2.55 and 2.17 in non- 
PKU and DS myelin, respectively), 
and in the concentration of C22:6 
(6.87% in PKU myelin vs 13% in non- 
PKU and DS myelin). There were no 


differences in C16:0, C18:1, and C18:0 
aldehyde compositions among the 
three groups studied. Only trace 
amounts of C20:4 and C22:6 aldehydes 
were detected. Phosphatidylcholine 
contained exclusively 16 and 18 carbon 
fatty acids. The fatty acid distribution 
of phosphatidylcholine fractions from 
non-PKU, PKU, and DS myelin was 
similar. The predominant fatty acids 
in inositol plus serine phosphatides 
were those containing 18 and 20 
carbon atoms, and the fatty acid 
composition of this component in 
PKU myelin was significantly differ- 
ent from that in non-PKU and DS 
myelin. This fraction from PKU 
myelin contained a significantly lower 
proportion of C18:1 (15%) and C20:1 
(7%), as compared to that from non- 
PKU and DS myelin (26% and 12%, 
respectively). Conversely, the propor- 
tion of C18:0 in this fraction was 
higher (73%) in PKU myelin than in 
the non-PKU and DS myelin (53%). 
The fatty acid composition of indi- 
vidual sphingolipid classes from my- 
elin is shown in Table 3. The nonhy- 
droxy fatty acid cerebrosides con- 


tained C16 to C26 fatty acids. The 


major components were those with 18, 


24, 25, and 26 carbon atoms. The ratio 


of long-chain to medium-chain fatty 
acids in cerebrosides was lower (3.1) in 
PKU myelin than in non-PKU and DS 
myelin (4.3). Hydroxy fatty acid cere- 
brosides contained C22 to C24 fatty 
acids. In all cases, C24h:0 was the 
major fatty acid. The major fatty 
acids in sphingomyelin were C18:0 and 
C24:0. The ratio of long-chain to 
medium-chain fatty acids of sphingo- 
myelin in PKU myelin was lower 
(0.67) than that in DS and non-PKU 
myelin (0.90). There were no signifi- 
cant differences in the amounts of 
unsaturated fatty acids in the sphin- 
gomyelin component of non-PKU, DS, 
and PKU myelin. 

The fatty acid composition of 
synaptosomal phospholipids is shown 
in Table 4. The phosphatidylethanol- 
amine fraction contained a large 
proportion of highly unsaturated fat- 
ty acids (38% to 43%, C20:4 and C22:6). 
The fatty aldehyde composition of 
synaptosomes showed a predominance 
of C18:0 (59% to 68%). The ratio of 
unsaturated to saturated fatty alde- 
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Table 4.—Fatty Acid Composition of Phospholipids in Synaptosomes of Phenylketonuric, Down Syndrome, and Nonphenylketonuric Patients 





Phosphatidylethanolamine* 


Phosphatidylicholine* 


Phosphatidalethanolamine”* 


% 


Nonphenyl- Phenyl- Down Nonphenyl- Phenyl- Down Nonphenyl- Phenyl- Down 

Fatty Acid ketonuric ketonuric Syndrome ketonuric ketonuric Syndrome ketonuric ketonuric Syndrome 
16:0 11.70 2.51 9.57+1.80. 15.20+1.22  54.10+3.35. 53.90+2.87 51.60+4.28 20.30£3.01 25.00+2.24 28.80 +2.92 
18:1 9:40+£1.56 13.40+0.75 10.20£1.16 20.70+3.00 25.10+1.75 2240 £203: 11.2041.30 15.40+1.60 14.30+1.06 
18:0 31.50+5.52 31.75+4.02 36.40+288 2030+1.82 2060+3.03 2280+1.88 6820514 5890+1.62 56.60+4.30 
20:4 11.70£1.26 12.10+1.42 8.82+0.62 4.87+1.04 2.17+0.92 4.0+0.46 Trace Trace Trace 
20:1 §.55+1.20 3.35+1.06 4.60+0.38 
22:6 32.40+296 25.70+3.61 28.60+3.11 

Unsaturated/ 
saturated 1.32+0.03 1.41+0.0383F 1.18+0.14F 0.34+0.02 0.37+ 0.02 0.35+0.01T 0.13+0.02 0.18+0.02$ 0.17+0.01¢ 


* Values are expressed as a percentage of the total fatty acids + SD. The number of samples was four for each group. 
+ Not significantly different from nonphenylketonuric synaptosomes (P>.1). 

+ Significantly different from nonphenylketonuric synaptosomes (.01>P>.005). 

§ Not significantly different from nonphenylketonuric synaptosomes (.01>P>.05). 


Table 5.—Lipid Composition of Myelin and Synaptosomes from Brains 
of Phenylketonuric, Down Syndrome, and Nonphenylketonuric Patients 


Phosphatidyl- 
inositol 
and Nonhydroxy 
Phosphatidyl- Phosphatidal- Phosphatidyl- Phosphatidyl- Fatty Acid 
serine* ethanolamine* choline* ethanolamine? Sphingomyelin* Sulfatides*  Cerebrosides* 
Myelin 
Phenylketonuric 3.19+ 0.26 15.20+ 1.28 8.87 +0.62 7.04 +0.86 5.63 + 0.69 2.78+0.27 6.38+0.43 
Down syndrome 2.41 +0.34 15.20 + 1.88 9.59 +0.87 7.72 +0.54 5.11 +0.68 3.94 +0.24 7.05 +0.88 
Nonphenylketonuric 3.20 +0.31 16.40+ 1.18 8.84 +1.02 7.10 +0.92 6.00 +0.52 3.52 + 0.39 7.84 +0.68 
Synaptosomes ' 
Phenylketonuric 2.07+0.29 16.80+1.72 26.90+1.41 13:20 £34.11 6.97 +0.43 
Down syndrome 2.52 +0.36 13.20 + 0.92 28.20 +2.00 12.70 +1.64 5.90 +0.68 
Nonphenylketonuric 2.07 +0.30 15.30 +1.99 28.10+1.92 11.60+1.02 6.39+0.58 


* Values are expressed as mole percent + SD. Molecular weights of phospholipids and sphingolipids were calculated from the respective fatty 
acid compositions. None of the differences is statistically significant. 


hydes in PKU and DS synaptosomes 
appeared to be somewhat higher (0.18) 
as compared to non-PKU synapto- 
somes (0.13), but the difference was 
not statistically significant. The ma- 
jor fatty acids of phosphatidylcholine 
were C16:0 (538%), C18:0 (21%), and 
C18:1 (22%). Sphingomyelin contained 
a large proportion of C18:0 (83%) and a 
small amount of C16:0. Inositol plus 
serine phosphatides contained mainly 
C16:0, C18:1, and C18:0, and approxi- 
mately 9% of the total fatty acids were 
C20:4 and C22:6. The percentage of 
C18:1, although somewhat higher in 
PKU synaptosomes than in control 
(19% vs 15%, respectively), was statis- 
tically not significant, while the 
percentage of C18:0 in these prepara- 
tions was 47% and 53%, respectively. 
Lipid analyses of the myelin and 
synaptosomal fractions are summa- 
rized in Table 5. The data are 
expressed as the mole percent of each 
lipid present. Molecular weights were 
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calculated on the basis of fatty acid 
compositions determined by GLC. In 
synaptosomes, ethanolamine phospha- 
tides and choline phosphatides were 
the predominant phospholipids and to- 
gether accounted for 60% of the total 
lipids. The ethanolamine phosphatide 
fraction contained 50% to 60% plasma- 
logen. About one third of the synap- 
tosomal lipids were present as choles- 
terol. Inositol plus serine phosphatides 
comprised an additional 2%, and 
sphingomyelin comprised 6% of the 
total synaptosomal lipids. Faint bands 
were present on TLC that had mobili- 
ties identical to those of cerebrosides 
and sulfatides. Initial chemical anal- 
yses indicated that these contained 
cerebrosides and sulfatides and ac- 
counted for less than 3% of the total 
lipid. The lipid composition of synap- 
tosomes isolated from brains of the 
PKU, non-PKU, and DS individuals 
was essentially similar. The data 
presented in Table 5 also show that 


lipid composition of myelin prepared 
from DS brains was similar to that 
prepared from PKU or non-PKU 
brains. Plasmalogens constituted ap- 
proximately 65% to 70% of the ethan- 
olamine phosphatides, and no signifi- 
cant differences were observed in 
plasmalogen levels in myelin from 
PKU, non-PKU, and DS brains. 


COMMENT 


Our previous studies have identified 
a primary myelin abnormality that is 
common both to genetic PKU and to 
experimental hyperphenylalaninemia 
in the rat. This abnormality consists 
of a myelin deficit and does not 
involve major changes in the overall 
myelin composition.?*° The data in 
the present communication indicate 
that genetic PKU and its experi- 
mental model also have in common 
abnormalities in the fatty acids of 
cerebral myelin. Cerebral myelin from 
hyperphenylalaninemic rats has pre- 
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Phosphatidylinositol and 


ve E “ A 
S phingomyelin* 
Nonphenyl- Phenyl- Down 
ketonuric ketonuric Syndrome 
16.00+ 2.06 16.70 +2.34 13.90+1.08 
Trace 2.10+0.42 Trace 
83.10+2.66 80.20+ 4.34 84.60 +5.2 
Hydroxy Fatty Acid 
Cerebrosides* Cholesterol* 
10.30+0.98 35.10+3.30 
11.30+0.98 40.00 482.80 
10.80+1.22 37.90+2.40 
27.60+2.97 
33.10+3.02 
32.90+2.56 


viously been shown to have reduced 
ratios of long-chain to medium-chain 
and unsaturated to saturated fatty 
acids.*° In the present investigation, 
we analyzed and compared the myelin 
fatty acids in brains from four PKU 
and eight non-PKU (including four 
with DS) patients. The myelin from 
the PKU individuals had significantly 
less C18:1, C20:1, and C22:6 fatty 
acids, and about a 30% lower ratio of 
unsaturated to saturated fatty acids. 
The ratio of long-chain to medium- 
chain fatty acids was about 45% lower 
in the PKU myelin. These reductions 
in fatty acids were essentially of the 
same magnitude as those that were 
found earlier in hyperphenylalani- 
nemic rats.’ Fatty acid abnormalities 
similar to those of purified myelin 
fractions have been reported to occur 
in cerebral white matter obtained 
from PKU individuals.'2-" 

We may point out that the data on 
the fatty acid composition of normal 
adult white matter- and mye- 
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Phosphatidylserine* 
NonphenylI- Phenyl- Down 
ketonuric ketonuric Syndrome 
26.00 +3.72 26.50 + 2.35 28.40 +2.11 
15.30 +2.91 19.00 +2.22 16.20 +0.99 
53.20 +7.40 47.40 +3.26 50.00 +3.67 
4.55+ 1.38 7.15 +2.60 7.30 +0.58 
2.50+1.00 Trace 3.81 +0.48 
0.26 +0.02 0.35 + 0.08 § 0.24+0.05§ 


lin'*-*° reported from several laborato- 
ries show wide variations. Our results 
of myelin fatty acids from non-PKU 
and DS individuals differ from some 
reports and compare favorably with 
others. The total fatty acid composi- 
tion of our control (non-PKU) myelin 
samples corresponded to that reported 
by Clausen and Hansen” for normal 
adult myelin. The fatty acid composi- 
tion of phosphatidylethanolamine, 
phosphatidylcholine, and sphingo- 
myelin found in the present investiga- 
tion is essentially in accord with that 
reported by Fewster et als and 
Clausen and Hansen.'’ In the nonhy- 
droxy fatty acid cerebrosides, our 
results are generally in accord with 
reported values for normal adult 
myelin." s We do, however, detect a 
somewhat higher proportion of C26:1 
than what these investigators have 
observed. In our study, the analysis of 
the hydroxy fatty acid cerebrosides 
shows a higher percentage of C24h:0 
than has been observed by others.'7:"" 
This variance may be due to the 
absence of detectable amounts of 
C25h:0 and C26h:0 in our myelin 
samples. 

A reduction in long-chain fatty 
acids could account for the previously 
reported reduced amount of cerebral 
myelin in PKU individuals? and in 
hyperphenylalaninemic rats.'* Long- 
chain fatty acids are major constit- 
uents of galactolipids, and hydroxy 
fatty acid ceremide-containing fatty 
acids longer than C18 are the pre- 
ferred acceptors of galactose from 
uridine diphosphate galactose in 
forming cerebrosides.?! As a conse- 
quence of a long-chain fatty acid defi- 


ciency there would, therefore, be a 
reduced availability of cerebrosides to 
aggregate with the cholesterol-phos- 
pholipid-protein complex to form my- 
elin. The mechanism by which the 
long-chain fatty acids are reduced in 
PKU brains is not clear. It is known 
that brain tissue contains a system for 
chain elongation of fatty acids, and 
the maximum rate of fatty acid chain 
elongation takes place during the 
myelination period.” It seems likely, 
therefore, that in induced hyperphen- 
ylalaninemia and in genetic PKU, 
high levels of phenylalanine in the 
brain can interfere in some manner 
with the fatty acid chain elongation 
system. Phenylpyruvate, which ac- 
cumulated in brains exposed to high 
concentrations of phenylalanine, has 
been shown to inhibit brain mitochon- 
drial respiration and coenzyme A- 
requiring fatty acid synthesis in brain 
soluble fractions.*! These metabolites 
could thus contribute to inhibition of 
fatty acid elongation in PKU. 

The reduction of monounsaturated 
fatty acids in experimental and genet- 
ic PKU myelin is probably due to an 
interference in the fatty acid desatu- 
ration system, since in the brain, this 
system regulates the supply of unsat- 
urated fatty acids.” We have shown 
in a recent study that two metabolites 
of phenylalanine, phenyllactate and 
phenylacetate, cause in vitro inhibi- 
tion of the brain desaturation: sys- 
tem.™ Additionally, it has been shown 
that elevated levels of phenylalanine 
as well as its metabolites interfere 
with glucose metabolism in brain 
tissue.” The latter inhibition could 
affect the availability of nicotinamide 
adenine dinucleotide or nicotinamide 
adenine dinucleotide phosphate, which 
are cofactors for fatty acid desatura- 
tion. 

Long-chain and unsaturated fatty 
acids are presumed to have specific 
roles in the biophysical properties of 
the myelin membrane. Long-chain 
fatty acids are thought to contribute 
to the stability of the myelin,” and 
unsaturated fatty acids to the bio- 
chemical reactivity of the myelin 
membrane.” We would expect, there- 
fore, that in PKU, both the stability 
and reactivity of the myelin would be 
reduced because of the fatty acid defi- 
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ciencies. Late demyelination in PKU 
is one indication that the stability of 
the myelin does, in fact, become 
reduced in the condition. Our results 
did not show any abnormalities in the 
lipid composition of synaptosomal 
fractions derived from PKU brain 
tissue, and hence, we would tenta- 
tively conclude that the cerebral lipid 
abnormalities in this condition, rather 
than being generalized, may be con- 
fined to glial cell populations that 


1. Prensky AL, Fishman MA, Daftari B: 
Differential effects of hyperphenylalaninemia 
on the development of the brain in the rat. Brain 
Res 33:181-191, 1971. 

2. Shah SN, Peterson NA, McKean CM: Lipid 
composition of human cerebral white matter and 
myelin in phenylketonuria. J Neurochem 19:2369- 
2376, 1972. 

3. Shah SN, Peterson NA, McKean CM: 
Impaired myelin formation in experimental 
hyperphenylalaninemia. J Neurochem 19:479-485, 
1972. 

4. Foote JL, Tao RVP: The effects of p-chloro- 
phenylalanine and phenylalanine on brain ester- 
bound fatty acids of developing rats. Life Sci 
7:1187-1192, 1968. 

5. Johnson RC, Shah SN: Effect of hyperphen- 
ylalaninemia on fatty acid composition of lipids 
of rat brain myelin. J Neurochem 21:1225-1240, 
1973. 

6. Stephens M, Menkes J: Cerebral lipids in 
Down’s syndrome. Dev Med Child Neurol 11:346- 
352, 1969. 

7. Kurokawa M, Sakamoto T, Kato M: Distri- 
bution of sodium-plus-potassium-stimulated ade- 
nosine-triphosphatase activity on isolated nerve- 
ending particles. Biochem J 97:833-844, 1965. 

8. Eng L, Noble E: The maturation of rat brain 
myelin. Lipids 3:157-162, 1968. 

9. Svennerholm L: The quantitative estima- 
tion of cerebrosides in nervous tissue. J Neuro- 
chem 1:42-53, 1956. 

10. Rouser G, Fleischer S, Yamamoto A: Two 
dimensional thin-layer chromatographic separa- 
tion of polar lipids and determination of phos- 
pholipids by phosphorus analysis of spots. Lipids 
5:494-496, 1970. 


294 Arch Neurol—Vol 34, May 1977 


synthesize and maintain the myelin. 
Cerebral lipid analyses of brain 
tissue from DS patients has yielded 
conflicting results. Banik et al” have 
reported that the myelin yield and the 
proportion of cholesterol in the myelin 
were low. Stephens and Menkes," on 
the other hand, found no major 
changes in the lipid composition of 
white matter and concluded that cere- 
bral lipid metabolism in this disease is 
apparently normal. The results of our 
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analysis of the purified myelin frac- 
tion derived from brains of four 
patients with DS indicated a some- 
what lower than normal yield but no 
abnormalities in the proportions of 
lipid components. Our observations 
thus appear to be more in accord with 
the conclusion of Stephens and 
Menkes." 
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“Failure to Thrive” 


Due to Pontine Glioma 


Joseph C. Maroon, MD, Leland Albright, MD 


è A 14-year-old boy with a five-year 
history of diencephalic syndrome was 
found to have a pontine astrocytoma. We 
review case reports of five similar children 
with diencephalic syndrome secondary to 
posterior fossa tumors. We also describe 
the clinical features, investigative pro- 
cedures, and therapy of these tumors. 
These cases emphasize the minimal 
neurological findings that may be asso- 
ciated with brain stem gliomas and the 
need for consideration of these tumors in 
the syndromes of “failure to thrive,” 
anorexia nervosa, and the diencephalic 
syndrome of infancy. 

(Arch Neurol 34:295-297, 1977) 


pero to thrive” in childhood is 
often ascribed to psychological 
disturbances but may be caused by 
malabsorption syndromes, fibrocystic 
disease, inborn errors of metabolism, 
or brain tumors, particularly those in- 
volving the diencephalon. Clinical fea- 
tures of the diencephalic syndrome 
include failure to gain weight or rapid 
weight loss, intermittent vomiting, 
pallor without anemia, preservation of 
unusual alertness, normal intracranial 
pressure, and minimal neurologic 
signs. ' 

Rarely, this syndrome may be 
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caused by tumors of the posterior 
fossa involving the cerebellar vermis, 
the floor of the fourth ventricle, or the 
cervicomedullary junction." This re- 
port illustrates the protracted course 
and the minimal clinical findings that 
may be associated with brain stem 
gliomas and emphasizes the need for 
differential consideration of this enti- 
ty in the syndromes of “failure to 
thrive,” “anorexia nervosa,” and 
“diencephalic syndrome of infancy.” 


REPORT OF A CASE 


A 14-year-old boy developed normally 
until the age of 6 years, when he was 
evaluated because of his large size. His 
appetite was described as excellent, and he 
was noted to perspire excessively. His 
height (136 em) and weight (33.5 kg) were 
above the 98th percentile. Results of his 
physical examination, neurological exami- 
nation, and skull roentgenograms were 
normal, and no other diagnostic tests were 
performed. 

Weight loss was first demonstrated at 
9% years of age, and he was hospitalized 
for the first time at Children’s Hospital of 
Pittsburgh. Findings of the physical and 
neurological examinations were normal. 
His weight was 31.8 kg (50th percentile). 
The gastrointestinal series and barium 
enema were normal. The weight loss was 
ascribed to an “adjustment reaction of 
childhood,” and psychological family sup- 
port was recommended. Approximately 
three years later, at the age 12%4 years, he 
was readmitted to the hospital because of 
progressive weight loss and an episode of 
dizziness and vomiting. His weight was 
29.3 kg (third percentile) and his height 
was 155 cm (70th percentile). Findings of 


the physical examination and a detailed 
neurological examination were normal. 
Caloric intake, lipoidal test, and p-xylose 
test results were normal. A glucose toler- 
ance test showed blood sugar levels of 196 
mg/100 ml and 35 mg/100 ml at two and 
four hours, respectively, with correspond- 
ing insulin levels of 375 „U and 20 „U. 
Corresponding growth hormone levels in- 
creased normally. An upper GI series, 
barium enema, skull roentgenograms, and 
a brain scan were all normal. A psychiatric 
consultant diagnosed “anorexia nervosa 
secondary to chronic depression.” 

Four months later, in December 1973, he 
first complained of “tightness” in the 
suboccipital area and inability to fully 
hyperextend his neck. He was hospitalized 
in January 1974. Findings of the neurolog- 
ical examination were completely normal 
except for minimal left dysdiadochokine- 
sia. Glucose tolerance test results were 
again abnormal. Cerebrospinal fluid pro- 
tein values were 260, 235, and 171 mg/100 
ml on three separate occasions. The CSF 
glucose value was normal, and cytology 
was negative for malignant cells. A pneu- 
moencephalogram demonstrated only 
slight panventricular dilation. Posterior 
fossa angiography was interpreted as 
normal. 

Because of continued weight loss and the 
insistence of the parents that something 
was wrong, a computerized tomographic 
scan was obtained in January 1975, and 
showed a posterior fossa mass with 
ventriculomegaly. The patient was there- 
fore readmitted to Children’s Hospital. At 
that time, he denied headaches, nausea, or 
vomiting but complained of a “feeling like 
I’m going to die” whenever his neck was 
hyperextended. His weight and height 
were 29.5 kg and 156 cm. Positive neurolog- 
ical findings included slight ptosis of the 
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right eyelid, left palatal weakness, and left 
dysdiadochokinesia. Cerebral angiography 
demonstrated widening and posterior dis- 
placement of the medullary segments of 
the posteriorinferior cerebellar arteries. 
Pneumonencephalography demonstrated 
an irregular brain stem mass located 
predominantly at the pontomedullary junc- 
tion, with an exophytic component project- 
ing into the fourth ventricle. 

A suboccipital craniectomy with removal 
of the posterior arch of the first cervical 
vertebrae (C-1) was performed on March 7, 
1975. On opening the dura, an exophytic 
neoplasm was seen arising from the dorsal 
surface of the brain stem. The mass ex- 
tended inferiorly to the caudal margin of 
C-1 and thus probably accounted for his 
apprehension with cervical hyperexten- 
sion. A frozen section confirmed the diag- 
nosis of a brain stem astrocytoma. No 
gross cystic areas were identified, and no 
plane demarcated the tumor from normal 
brain stem structures. Therefore, the oper- 
ation was terminated without attempt at 
radical removal. 

The postoperative course was uncompli- 
cated, and he was discharged on March 14, 
1975, with no additional postoperative 
neurological deficit. 

Radiation therapy, 5,000 rads in 30 doses, 
was administered to the posterior fossa 
over a six-week course. Substantial weight 
gain ensued: April 24, 1975, 35.4 kg; Nov 20, 
1975, 39.8 kg; and May 25, 1976, 44 kg 
(Figure). 


COMMENT 


The usual clinical findings of chil- 
dren with brain stem gliomas include 
cranial nerve pareses associated with 
secondary cerebellar and pyramidal 
tract involvement. Mental changes 
occur occasionally, and evidence of 


increased intracranial pressure may 
be present later. The absence of these 
findings in the present case led to 
various diagnostic considerations over 
a five-year course that included “fail- 
ure to thrive,” “anorexia nervosa,” 
“reactive depression of childhood,” 
and “diencephalic syndrome.” 

Five previous case reports have 
described patients with diencephalic 
syndrome due to posterior fossa 
tumors (Table 1). Dods, in 1957, 
described an 18-month-old alert boy 
with pallor, excessive motor activity, 
excessive sweating, irregular vomit- 
ing, and progressive emaciation for 
the previous ten months. At the age of 
2 years, contrast studies demon- 
strated a posterior fossa neoplasm. A 
midline cerebellar astrocytoma was 
removed. Postoperative recovery was 
dramatic, with weight gain and loss of 
pallor. Radiotherapy was not given. 

Gilbert et al,‘ reported a 3%-year- 
old boy with a three-year history of 
vomiting. He was cachetic, apathetic, 
and hypothermic (86 C), and neuro- 
logic examination findings were nor- 
mal for three years. Ptosis, left trape- 
zius weakness, and left cerebellar 
signs developed. Iophendylate injec- 
tion ventriculography demonstrated a 
left lateral bulbar tumor. A large polar 
spongioblastoma was subtotally re- 
sected. Radiotherapy, 7,050 rads, was 
administered postoperatively. <A 
weight gain of 14 kg occurred in the 
two years after operation and his 
vomiting ceased. 

In 1966, Udvarhelyi et al reported a 
24-year-old girl with marked anorexia 


and failure to gain weight since 9 
months of age. Neurologic examina- 
tion results were normal except for a 
wide-based gait. An extensive medical 





A, Immediate postoperative photograph 
showing degree of weight loss prior to 
diagnosis. B, Fifteen-month postoperative 
photograph showing weight gain of 14% 
kg. 


Five Previous Case Reports of Patients With Diencephalic Syndrome Due to Posterior Fossa Tumors 







Duration 
of 
Symptoms 
16 mo 






Source Year 
Dods’ 1957 


Gilbert et al‘ 


Udvarhelyi et alf 1966 21 mo 


Sissons 


3% yr M 


Diagnostic 
Sex Study 


M Ventriculogram 


Operation 
Resection 


Subtotal 
resection 


lophendylate 
injection 
ventriculogram 

lophendylate 
injection 
ventriculogram 


Subtotal 
resection 


Solomon et al*® 1969 6 yr M Pneumoenceph- Subtotal 
alogram resection 
Burr et al’ 1976 4 mo 6% mo M Ventriculogram Subtotal 
resection 
Present study 1977 4 yr 14 vr M Computerized Biopsy 
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tomotgraphic 
scan 


Polar 


Ganglioglioma 


Radio- 
therapy 


Improve- 
ment 





Cerebellar No Yes 


astrocytoma 


7,050 rads Yes 
spongioblastoma 


Grade Il 


astrocytoma 





5,000 rads Yes 


Grade || 5,020 rads Yes 
astrocytoma 

Grade Il 5,000 rads Yes 
astrocytoma 
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evaluation was nondiagnostic. Be- 
cause of persistent anorexia and a 
CSF protein value of 54 mg/100 ml, 
pneumoencephalography and iophen- 
dylate injection ventriculography 
were performed and demonstrated a 
large tumor in the fourth ventricle, 
with ventriculomegaly but without 
obstruction to the flow of positive 
contrast media. A suboccipital cran- 
iectomy showed a large tumor in the 
fourth ventricle, displacing the cere- 
bellar hemispheres laterally and the 
vermis superiorly. Histological exami- 
nation showed a grade II astrocytoma. 
The child died during a second poste- 
rior fossa operation three months 
later. At autopsy, tumor filled the 
fourth ventricle and infiltrated the 
cerebellar peduncles and medulla, but 
the hypothalamus was normal. De- 
spite this extensive infiltration, mini- 
mal neurologic abnormalities were 
evident preoperatively, and the vomit- 
ing was not thought to be of sufficient 
magnitude to account for the persis- 
tent inanition and failure to thrive. 

In 1969, Solomon et al, reported a 
patient similar to the present case; a 
7-year-old boy with a six-year history 
of anorexia, vomiting, and failure to 
gain weight. He was markedly ema- 
ciated, with a minimal cerebellar 
deficit as the only neurologic abnor- 
mality. Because of persistently ele- 
vated CSF protein levels, 80 to 160 
mg/100 ml, pneumoencephalography 
was performed and demonstrated a 
mass in the foramen magnum exten- 
ding into and widening the vallecula. 
A ganglioglioma was subtotally re- 
moved. Subsequently, 5,000 rads were 
administered to the brain stem and 
cerebellum over a five-week period. 
Four months postoperatively, the boy 
was asymptomatic, with a striking 
weight gain of 6.5 kg and a height 
increase of 3.7 cm. 

Burr et al? reported a 642-month-old 
boy with a two-month history of 
failure to thrive and vomiting three to 
four times per day. Pallor, euphoria, 
and phallic enlargement developed by 
8 months of age. His neurological 
examination was unremarkable. 
Three pneumoencephalograms and 
two ventriculograms were suggestive 
but not diagnostic of tumor. The CSF 
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protein determinations and blood cell 
counts were normal. Combined air and 
iophendylate injection ventriculogra- 
phy demonstrated a mass in the floor 
of the fourth ventricle. A grade II 
pilocytic astrocytoma was subtotally 
resected. Postoperative radiotherapy, 
5,020 rads, was administered. Weight 
gain and linear growth ensued. 

Several clinical features were pres- 
ent in most of these six children. Five 
of the six patients were boys. Symp- 
toms began within the first year of 
life in all but one. The average time 
from onset of symptoms to diagnosis 
was 30 months, compared with seven 
months for diagnosis of anterior 
tumors causing diencephalic syn- 
drome.? The average patient age at 
diagnosis was 4.3 years. The clinical 
symptoms present in these patients 
were identical to those seen in 
patients with anterior tumors and the 
diencephalic syndrome. Both groups 
of patients exhibited minimal neuro- 
logic abnormalities. 

Posterior fossa tumors causing the 
diencephalic syndrome have been 
diagnosed previously by ventriculog- 
raphy, often in conjunction with CSF 
cytological examination. The present 
case was diagnosed by computerized 
tomography. Computerized tomo- 
graphic scans in the transverse and 
coronal planes provide excellent defi- 
nition of posterior fossa structures 
when combined with metrizamide 
ventriculography. We expect that in 
the future, computerized tomographic 
scans obtained in the evaluation of 
children with diencephalic syndrome 
will occasionally demonstrate poste- 
rior fossa tumors rather than the 
expected hypothalamic tumor. 

Burr et al? have confirmed the 
improvement in survival of patients 
with the diencephalic syndrome whose 
tumors were surgically diagnosed 
then irradiated. Mean survival time 
without treatment was 20 months. All 
28 patients receiving operation and 
radiotherapy survived longer than 29 
months. Each of the six patients with 
the diencephalic syndrome secondary 
to posterior fossa tumors were diag- 
nosed by operation. Resection of the 
majority of the tumor mass was ac- 
complished in three. No patient was 


worsened by operation. Four patients 
received postoperative radiotherapy; 
weight gain and clinical improvement 
occurred in each. 

Fmaciation may develop secondary 
to impairment of swallowing. Sieben 
and Ishii’ have reported a 6-week-old 
child with failure to thrive because of 
intramedullary astrocytoma invading 
the nucleus ambiguus and hypoglossal 
nucleus. The six children previously 
described, however, had no significant 
impairment of swallowing. 

The cause of this syndrome in pa- 
tients with posterior fossa tumors is 
unknown. In no case was vomiting 
protracted enough to induce weight 
loss and in no case was malabsorption 
demonstrated. The abnormalities of 
glucose metabolism present in this 
patient and in the patient of Udvar- 
helyi are compatible with inadequate 
caloric intake, a result of rather than a 
cause of the inanition. Involvement of 
locus ceruleus-hypothalamic pathways 
has been postulated. Striatonigral 
pathways and the region of the locus 
ceruleus are commonly infiltrated by 
upper pontine astrocytomas, however, 
without the diencephalic syndrome 
occurring. Thus, this mechanism must 
remain speculative. 
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The Cellular Pathology 
of Neuronal Ceroid-Lipofuscinosis 


A Golgi-Electronmicroscopic Study 


Roger S. Williams, MD; Ira T. Lott, MD; Robert J. Ferrante, MS; Verne S. Caviness, Jr, MD 


@ A cerebral biopsy specimen from a 4- 
year-old girl with a moderately advanced 
stage of the late infantile form of neuronal 
ceroid-lipofuscinosis was observed in 


routine cell and fiber stains and in Golgi | 


and electronmicroscopic preparations. 
There was no evidence of neuronal 
degeneration or loss. Golgi impregna- 
tions identified a fusiform enlargement of 
proximal axon segments of most pyram- 
idal neurons and some polymorphic neu- 
rons but not of other cortical neuronal 
classes. Typical curvilinear inclusions 
were found in all cells and appeared to be 
impacted within the dilated proximal axon 
segments of pyramidal neurons. The 
numbers of type Il synapses on the axon 
hillock and dilated proximal axon seg- 
ments of pyramidal neurons were much 
reduced, whereas type | synapses re- 
mained abundant in the neuropil. 

(Arch Neurol 34:298-305, 1977) 


| Fane disease or syndrome’ is a 
clinically heterogenous group of 
familial disorders that share as a char- 
acteristic pathologic feature the intra- 
cytoplasmic accumulation of auto- 
fluorescent material. Because the 
principal components of the autofluo- 
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rescent material are ceroid and lipo- 
fuscin, two complex lipid polymers, 
this group of disorders has also been 
designated “neuronal ceroid-lipofusci- 
nosis.”? Although these polymers dif- 
fer physiochemically and morphologi- 
cally,’ both contain a fluorogen, ami- 
noimino propane, which is thought to 
account for autofluorescence.‘ 

The accumulation of lipid polymers 
within cells is associated with the 
formation of discreet membranous 
inclusion bodies. In the juvenile form 
of the disease, the polymer ceroid is 
predominant and the inclusions tend 
to have a distinctive curvilinear, tubu- 
lar form.’ In both the juvenile and 
adult forms of the disorder as well as 
in a subgroup of cases of early onset 
and rapid progression, lipofuscin is 
present in relatively greater quanti- 
ties. In these latter cases, the inclu- 
sions are more heterogeneous in their 
form, with both granular and complex 


laminate membranous configura- 
tions?’ 
Autofluorescent inclusions are 


found in virtually all cells of the body 
in each of the clinical subclasses of 
Batten disease." Paradoxically how- 
ever, each of these disorders is 
expressed clinically as a progressive 
degenerative disease of the central 
nervous system. In those patients who 
die at an advanced stage of the dis- 
ease, autopsy material is character- 
ized by widespread cortical nerve cell 
degeneration and loss, with associated 


reactive gliosis.* By contrast, even at 
late stages of the disease, there is no 
apparent malfunction or degeneration 
of constituent cells in other organ 
systems of the body. 

The present study, published else- 
where in preliminary form,” is an 
analysis by the Golgi method and by 
electron microscopy of a cortical biop- 
sy specimen from a 4-year-old child 
with Batten disease. Although highly 
symptomatic, the disease was at an 
intermediate stage of advancement 
and was not associated with evidence 
of neuronal degeneration, confirming 
electron microscopic observations 
from other patients examined at a 
similar stage.'*'! In our patient, a 
distinctive anomaly effecting only a 
restricted subgroup of cells is identi- 
fied in Golgi preparations and con- 
firmed in electron micrographs. This 
distinctive anomaly may explain the 
paradoxical selective cytopathologic 
vulnerability of neurons in this disor- 
der. Further, it may provide some 
insight into the pathophysiologic basis 
of cell malfunction before the onset of 
neuronal degeneration. 


REPORT OF A CASE 


This 4-year-old girl was born on March 1, 
1971, with a birth weight of 3,800 gm. 
Pregnancy, labor, and delivery were unre- 
markable, as was the perinatal period. She 
walked at 11 months and talked in com- 
plete sentences and was toilet trained by 
the age of 2 years. Somatic growth and 
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head circumference progressed along the 
50th percentile for the first year. Deterio- 
ration in her performance was recognized 
in the fall of 1974 at the age of 3 years. This 
was manifested by clumsiness, frequent 
falls, dysarthria, and loss of ability to 
speak in full sentences. Tremor and 
myoclonic jerking supervened, and she was 
occasionally incontinent. In January 1975, 
she was admitted to the Mary Hitchcock 
Hospital in Hanover, NH, where an EEG 
showed spikes, polyspikes, and atypical 
spike wave complexes superimposed on a 
background of irregular high-voltage slow 
activity. Skull x-ray films, lumbar punc- 
ture, technetium Te 99m brain scan, a 
brachial-angiogram, and a pneumoenceph- 
alogram were all interpreted as normal. 

In March 1975, at the age of 4 years, she 
was transferred to the Eunice Kennedy 
Shriver Center. On admission, head cir- 
cumference was 48 cm (third percentile). 
Her facial features were considered non- 
specifically coarsened because of promi- 
nent lips and a broad nasal bridge, but 
there were otherwise no dysmorphic fea- 
tures. Neurocutaneous lesions were absent, 
and the general examination was unre- 
markable. The optic fundi were judged to 
be normal at that time. A high amplitude 
irregular tremor of the head, trunk, and 
extremities accompanied all voluntary 
movements. Her gait was ataxic, and she 
was unable to walk without assistance. Her 
reflexes were hyperactive. There was no 
paresis, and the plantars were flexor. 
Cranial nerve findings were normal, and 
there was no detectable somatosensory 
deficit. She seemed alert and followed one- 
step commands but spoke only in a few, 
single, poorly articulated words. Cerebro- 
spinal fluid protein and gamma globulin 
values were normal. A lysosomal enzyme 
profile in a white blood cell pellet showed 
normal activity to £-galactosidase, B-glucu- 
ronidase, arylsulfatase A and B, total hexo- 
saminidase, a-fucosidase, and a/$-glucosi- 
dases. Calcium and phosphorus levels were 
normal. Multiple EEGs obtained during the 
hospitalization showed poorly organized 
delta and theta activity, with continuous 
polyspike activity. The cetylpyridinium 
chloride precipitable fraction of urine was 
found to contain 141 nmoles of uronic acid 
per milligram of creatinine, which was 
below the level seen in classical mucopoly- 
saccharidoses. The percent of N-sulfated 
hexosamine was normal. 

During the subsequent nine months of 
observation, her head growth did not pro- 
gress beyond 48 cm. She became increas- 
ingly irritable and prone to temper 
tantrums. She spoke and followed simple 
verbal commands less consistently. Her 
tremors increased in amplitude and be- 
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came more generalized. Single myoclonic 
jerks interrupted distal extremity move- 
ments, and there were brief lapses of 
postural tone. Muscle tone and tendon 
reflex activity increased and became asso- 
ciated with ankle clonus, but the plantars 
remained flexor. She could no longer stand 
alone or walk with assistance. In December 
1975, a diagnostic cerebral biopsy was 
performed. 

Two months later, ophthalmological 
examination results showed pallor of both 
disks. The retinal vessels were threadlike 
and approximately one third of normal 
size, with special involvement of their 
arterioles. The peripheral retinal pigment 
epithelium was coarse but possibly within 
normal limits. The retinal pigment of the 
posterior pole was markedly deficient in 
the macular region, with a perimacular 
accumulation in the form of an annulus 
around the foveal region. An electroreti- 
nogram, carried out on the left eye, showed 
abnormal cone and rod function consistent 
with a considerable degree of degeneration 
of the outer retinal layers. 


MATERIALS AND METHODS 


Two adjacent cortical sections, each 2 cm 
square, were taken from the middle frontal 
gyrus of the right cerebral hemisphere. 
Smaller blocks were taken immediately 
from one of these larger blocks and 
immersed either in Golgi solution or in 
buffered gluteraldehyde fixative to be 
processed for electron microscopy. The 
remaining tissue was immersed in 3.7% 
formaldehyde solution. Formaldehyde- 
fixed material was also utilized for Golgi 
impregnations and for routine histologic 
stains. Tissue to be processed for the Golgi 
method remained in formaldehyde for only 
three hours and was then placed in Golgi- 
rapid’ or Golgi-Cox" fixative. Tissue for 
electron microscopy was kept in glutaral- 
dehyde overnight and in 2% osmium 
tetroxide for two hours. The blocks were 
embedded in Epon-Araldyte, with the 
coronal plane of the cortex addressing the 
block face. The sections were stained on 
the grid with uranyl acetate and lead 
citrate. Neutral fat and PAS stains were 
performed on formaldehyde-fixed, frozen 
sectioned material. Cresy] violet, hematox- 
ylin and eosin, Heidenhein, and Holtzer 
stained sections were prepared from 
formaldehyde-fixed, paraffin embedded 
blocks. 


RESULTS 
Routine Cell and 
Myelinated Fiber Stains 


Cortical cell pattern was normal, 
without evidence of cell loss or gliosis. 
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Pyknotic “dark neurons,” character- 
istic of biopsy tissue fixed by im- 
mersion'’ were found scattered 
throughout the cortex. In cresyl violet 
preparations, the cytoplasm of some 
neurons appeared mildly distended 
and contained a few clear microvesi- 
cles. The cytoplasm of some neurons 
was also faintly PAS-positive, but did 
not stain positively for neutral lipids. 
Macrophages containing neutral lipids 
were not found, and myelinated fibers 
appeared normal. 


Golgi Impregnations 


Golgi-rapid and Golgi-Cox prepara- 
tions of excellent quality impregnated 
a wide range of pyramidal and spiny 
and aspinous stellate neurons. The 
intracortical positions of each cell 
class and the alignment and pattern 
of development of dendrites of indi- 
vidual neurons was normal. The den- 
drites of all neurons were richly 
branched, and pyramidal neurons 
were heavily invested with spines of 
normal morphology (Fig 1 and 2,C). 

Only rarely, anomalous elongate 
filamentous spines were found along 
the apical dendritic shafts of pyra- 
mids whose somata lay in layers V or 
VI of the cortex (Fig 2,B). Varicose 
expansions of the terminal arboriza- 
tions of the apical dendrites of pyram- 
idal neurons were encountered no 
more frequently than in fresh tissue 
from normative brains fixed by 
immersion, and convincing evidence 
of neuronal degeneration was not 
found in Golgi impregnations.'* Al- 
though the number of primary den- 
dritic branches was judged to be 
comparable to normatives in the same 
age range (3% and 5 years), the 
somata of neurons appeared smaller, 
and the length of dendrites and 
frequency of branching was judged to 
be less. 

In contrast to the benign ap- 
pearance of the dendritic elements, 
the somata of pyramidal and large 
multipolar neurons appeared rounded, 
and the initial axon segments of these 
cells were dilated in fusiform or 
globular fashion (Fig 1 and 2,A). This 
anomaly was widespread in neurons 
impregnated by the Golgi method, 
found in approximately 80% of pyram- 
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Fig 1.—Camera lucida drawings of representative Golgi-rapid impregnated neurons 
found in layers | to V of middle frontal gyrus of biopsy specimen. Pyramidal neurons (1, 2, 
and 5) have well-developed, spine-rich dendrites. Just distal to axon hillock, proximal 
segments of pyramidal axons are enlarged in fusiform fashion. Distal to enlargements, 
axons are of normal morphology and many contain richly branched collaterals. Proximal 
axon segments of stellate (3) and multipolar (4) nonpyramidal neurons, by contrast, are 
typically uninvolved. Impregnated protoplasmic astrocytes (pa) are of normal morphol- 
ogy, and reactive fibrous astrocytes are not found within cortex in Golgi impregna- 


tions. 


idal neurons of all sizes and from all 
layers, as well as in some of the large 
multipolar neurons of the deepest 
cellular layers. The enlargements 
were invariably located distal to the 
axon hillock. They were fusiform to 
globular in shape and ranged from 10 
to 20 u in diameter and 20 to 40 u in 
length. Though generally smooth in 
contour, there were often 1 to 3 irreg- 
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ular excrescences projecting from the 
surface of some of the dilated axonal 
segments. Spines similar to those 
found normally on dendrites were not 
encountered on the dilated axonal 
segments but were found occasionally 
on the somata of pyramidal neurons. 
Distal to the enlargements, intracor- 
tical axons, including collateral axonal 
branches, were generally well impreg- 


nated and appeared normal (Fig 1). 
Blebs characteristic of degenerating 
axons’ were not observed. In contrast 
to those of the pyramidal neurons, the 
proximal axon segments of spiny and 
aspinous stellate and most other 
nonpyramidal neurons were normal 
(Fig 1). 


Fluorescence Microscopy 


Although no diagnostic abnormali- 
ties were noted in routine cell stains, 
when these same slides were exam- 
ined with fluorescence microscopy, the 
somata of all cell classes fluoresced 
bright yellow at a wave length of 500 
nm. Fusiform to globular dilation of 
the initial axon segments of cortical 
pyramids and of the larger multipolar 
cells of layers V and VI were conspi- 
cuous. By contrast, such enlargements 
were not observed on smaller nonpy- 
ramidal neurons. In general, auto- 
fluorescent material was confined to 
perikarya and initial axon segments. 
It was only occasionally observed in 
the proximal stems of large dendrites 
and was absent more distally in 
dendrites and elsewhere in the sur- 
rounding neuropil. 


Electron Microscopy 


Despite gentle handling and prompt 
immersion of tissue in fixative at the 
time of biopsy, there was substantial 
evidence of tissue distortion: swelling 
of mitochondria and glial processes, 
splitting of myelin lamellae, and occa- 
sional breaks in perikaryal and nu- 
clear membranes (Fig 3). “Dark neu- 
rons”: were found occasionally in 
electron micrographs. The quantity of 
intracellular microtubules, cisterns of 
the Golgi apparatus and smooth endo- 
plasmic reticulum, as well as ribo- 
somes, was reduced in most neurons, 
possibly reflecting the suboptimum 
state of tissue preservation. In some 
neurons, the Golgi apparatus could not 
be found at all, whereas in others, a 
few cisternae were observed in ec- 
centric position near the periphery of 
the cell or even within the main stems 
of dendrites. Type I, axospinous or 
axodendritic synapses of normal mor- 
phology, were abundant in the neuro- 
pil (Fig 2,E). Axon terminals under- 
going the “dark degenerative change” 
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Fig 2.—A, Pyramidal neuron of layer Ill, with fusiform enlar 


x 700). B, Apical dendrite of medium 
unusually long and tortuous. Dendrites 
large pyramid in layer V richly invested 


pyramidal neuron from 5-year-old “normative” 
synapse (arrow) in neuropil of biopsy specime 
were only type II synapses found along full cir 
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gement of axon (arrow) just distal to axon hillock (Golgi-rapid, 
-sized pyramidal neuron from layer VI of biopsy specimen. Dendritic spines are 
with spines of this type are uncommon (Golgi-rapid, x 1,100). C, Apical dendrite of 
with spines of normal morphology (Golgi-ra 
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pid, x 1,100). D, Apical dendrite of large 
autopsy specimen (Golgi-rapid, x 1,100). E, Type I, asymmetric, axospinous 
n (50,000). F, Type Il, symmetric, axosomatic synapses (arrrows). These 
cumference of pyramidal neuron illustrated in Fig 3 ( x 67,500). 
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Fig 3.—Photomontage of small pyramidal neuron from layer Il of cortex (Plasmalemmal 
membrane has been outlined with ink). Curvilinear inclusions are scattered through 
cytoplasm of perikaryon and are concentrated in dilated proximal axon segment 
(asterisk). Inclusions are not found beyond stems of dendritic trunks. Two axosomatic 
synapses, illustrated in Fig 2F, are indicated by arrow ( x 5,300). 


were not observed, nor were postsy- 
naptic densities observed to be oc- 
cluded by glial processes or engulfed 
into dendritic processes. By contrast, 
type II symmetric synapses were en- 
countered but rarely on the somata, 
axon hillock, or dilated initial seg- 
ments of pyramidal neurons. How- 
ever, the two such synapses that were 
identified with confidence were mor- 
phologically normal (Fig 2,F). The 
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ultrastructural features that normally 
characterize the axon hillock and 
initial segment”! were not discernable 
on the dilated proximal axonal seg- 
ments of pyramidal neurons. Glial 
processes containing abundant glial 
fibrils were moderately increased in 
density in the neuropil. Often, glial 
processes occluded large areas of the 
soma and axon hillock of pyramidal 
cells (Fig 4). 





All cells, neuronal, glial, and endo- 
thelial, contained membranous inclu- 
sion bodies in their cytoplasm. The 
majority of these inclusions were 
membranous, curvilinear tubular pro- 
files 200 to 300 A in diameter (Fig 
5,A). Smaller inclusions with densely 
granular or fine tubular matrix and 
multilaminate membranous struc- 
tures, though present, were uncom- 
mon (Fig 5,B). Typical lipofuscin 
pigment was not found. 

Curvilinear tubular inclusions, rare- 
ly more than a micron in their great- 
est diameter, were generally limited 
by a unit membrane and appeared not 
to coalesce (Fig 3). They were scat- 
tered among mitochondria and cis- 
terns of the endoplasmic reticulum in 
the perikaryal region. They were 
never apposed to plasmalemmal or 
nuclear membranes, nor was there 
evidence of continuity of these inclu- 
sions with other normal intracellular 
membranous structures. The inclu- 
sions were most densely concentrated, 
as though impacted within the dilated 
initial axon segments of cortical 
pyramids (Fig 3). None were observed 
within the nuclei of cells, more distally 
in dendritic branches or axons or free 
in the extracellular interstices of 
neuropil. 


COMMENT 


The clinical features of the present 


case are characteristic of the late 


infantile form of neuronal ceroid-lipo- 
fuscinosis (Batten disease); onset at 
the age of 3 years of a slowly progres- 
sive myoclonic dementia associated 
with generalized rigidity, bradykine- 
sia, tremor, ataxia, and retinal pal- 
lor.2-** The curvilinear membranous 
intracellular inclusions that autofluo- 
resce at 500 nm are found universally 
in neuronal and glial, as well as in 
mesenchymal cells, and are considered 
to confirm this diagnosis.**' Admit- 
tedly, identical inclusions are seen 
infrequently in the juvenile form of 
neuronal ceroid-lipofuscinosis,'* in 
other forms of progressive familial 
neurologic disease in man and ani- 
mals, -= and rarely in normal spec- 
imens.** Therefore, abundant curvili- 
near inclusions are a distinctive and 
characteristic pathologic feature of 


Neuronal Ceroid-Lipofuscinosis—Williams et al 


-J 








the late infantile form of neuronal 
ceroid-lipofusinosis but are not specif- 
ic for this clinical syndrome. The 
structural nature of the inclusions and 
their mode of formation remains 
unknown, but they are presumably a 
residue of metabolic processes de- 
ranged by autosomal mutation. 

The progress of the disease is inex- 
orable, eventuating in a decerebrate, 
amented, and amaurotic state. When 
postmortem examination is per- 
formed in this terminal state, the 
neuropathology is characterized by 
widespread neuronal disintegration 
and loss accompanied by generalized 
astrocytosis.? 

In the present case, the biopsy was 
performed when the disease had pro- 
gressed to an intermediate stage. 
Although demented with a major de- 
gree of motor disability, our patient 
was still alert and responsive to her 
environment to a limited extent. Her 
cerebral malfunction was indicated 
further by generalized slow and 
paroxysmal activity recorded by EEG. 
Nevertheless, no evidence of neuronal 
degeneration or loss was evident in 
the cortical biopsy specimen by any of 
three different morphologic methods. 
Neuronal loss and gliosis were not 
found in routine cell and fiber stains. 
The morphology of neurons of all 
classes and at all levels of the cortex 
was found to be remarkably benign in 
Golgi impregnations (Fig 1). Den- 
drites appeared well developed and 
spine-rich, though possibly less well 
developed than normatives in the 
same age range. A few dendrites with 
long tortuous spines similar to those 
reported recently in a heterogenous 
group of retardation patients” were 
seen, but most dendrites contained 
spines of normal morphology (Fig 2,B, 
C, and D). Axodendritic and axo- 
spinous synapses were abundant in 
electron micrographs (Fig 2,E), and no 
naked spines or actively degenerating 
axon terminals were found in the 
neuropil. Convincing evidence of den- 
dritic degeneration was not found in 
either Golgi impregnations or elec- 
tronmicrographs. By implication, 
then, cerebral malfunction at the time 
of the biopsy was chiefly a manifesta- 
tion of neuronal malfunction rather 
than nerve cell degeneration or loss. 


Arch Neurol—Vol 34, May 1977 


x TF ATW TEIFI PT. © ee er e ee a j SP re 





Two principal cytologic abnormali- 
ties are probably pertinent to neuron- 
al malfunction in the present case, 
however. The most dramatic and un- 
equivocal of these is the fusiform to 
globular dilation of the proximal axon 
segment of nearly all pyramidal 
neurons as well as some of the multi- 
polar cells of layers V and VI (Fig 1 
and 2,A). Such axonal dilations and 
the similar “meganeurites” first de- 
scribed by Purpura and Suzuki” in 


ganglioside disorders, may be unique 
to the general group of storage 
diseases. They differ morphologically 
from varicosities and “retraction 
balls” seen infrequently on axons in 
Golgi impregnations from other hu- 
man diseases*’** or in experimental 
animals.'? They are never a manifes- 
tation of neuronal autolysis.’ The 
axonal dilations of neuronal ceroid 
lipofuscinosis and the “meganeurites” 
of ganglioside disorders resemble 
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Fig 5.—A, Typical membrane-bound curvilinear inclusion adjacent to Golgi apparatus. 
Inclusions of this type were found within cytoplasm of every cell, mesodermal as well as 
neural. Small dense inclusions with fine tubular matrix similar to one at upper left were 
encountered less often ( x 27,000). B, Multilaminate membranous inclusions were rare 
and were found only within neurons ( x 33,000). 


each other only in certain limited 
respects. Both are found predomi- 
nantly on pyramidal neurons and are 
seldom found on nonpyramidal cells. 
Both are located in the basal regions 
of the cell where they are continuous 
with the origin of the axon. Like the 
axon dilations of neuronal ceroid-lipo- 
fuscinosis, the ‘“meganeurites” appear 
to be impacted with membranous in- 
clusions.” However, the “meganeu- 
rites” differ from the axon enlarge- 
ments in Batten disease in that they 
are generally much larger, may occur 
more distally to the axon hillock, and 
are often invested richly with spines 
and spiny branchlets that engage 
axon terminals with morphologically 
normal asymmetric synapses.?’ Evi- 
dently, therefore, the “meganeurite” 
is not simply a dilated proximal axon 
but is composed of membrane that has 
dendritic properties. 

Axon dilations have been observed 
previously in severely degenerated 
cortex from patients dying at ad- 
vanced stages of neuronal ceroid-lipo- 
fuscinosis.**-* The widespread preva- 
lence of these anomalies on neurons 
that are otherwise little altered by 
disease in the biopsy specimen from 
the present patient indicates that 
they are an early cytopathologic 
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consequence of the disease and ante- 
date neuronal degeneration. Only a 
restricted subgroup of neurons mani- 
fests this axon anomaly, and it is a 
common attribute of these cells that 
they are projection neurons with rela- 
tively long axons. The volume of ret- 
rograde and orthograde axonal flow 
will be relatively large in these cells as 
compared to that in the axons of local 
circuit neurons that have no axon dila- 
tions. The curvilinear inclusions, 
whatever their mechanism of forma- 
tion, appear to be carried into the 
proximal segments of axons of the 
projection neurons where they appear 
to be impacted. A gating mechanism 
such as that demonstrated for intracy- 
toplasmic granules of horseradish per- 
oxidase” could exclude these inclu- 
sions from passage beyond the initial 
axon segment or into dendrites. Con- 
ceivably impaction proximal to a 
gating mechanism could result in 
substantial hydrolic forces directed 
against the wall of the initial axon 
segment and cause its dilation. A 
predictable direct consequence would 
be disruption of the kinetics of 
axoplasmic transport. In turn, in- 
creasing pressure within the soma 
itself might contribute to the ob- 
served distention of these cells. Possi- 








bly, it is the unique physiology of axon 
transport, particularly of projection 
neurons of the cortex, which makes 
these cells more than any other cell in 
the body selectively vulnerable to the 
ubiquitous inclusions in Batten dis- 
ease. 

The second observation, though per- 
tinent and provocative with respect to 
the cytopathologic manifestation of 
Batten disease, is of less certain valid- 
ity. This is the apparent rarity of type 
II synapses on the perikarya and axon 
hillocks of large projection neurons. A 
few previous reports suggest that only 
a few synapses of this type are found 
normally on the membrane of the 
perikarya.**** However, B. Cragg 
(personal communication, October 
1976) notes that type II synapses are 
generally more prevalent on the mem- 
branes of the axon hillock and initial 
segment. The probability that this 
class of synapses is reduced rather 
than simply not recognized is 
strengthened further in the biopsy 
specimen by the fact that large 
segments of the perikarya and axon 
hillock are occluded by reactive pro- 
cesses of astroyctes. Although the 
mechanism is not known, synapses are 
lost from the somata of motor neurons 
undergoing axonal reaction after ax- 
onotomy" or after chemical disruption 
of the microtubules necessary for 
rapid axoplasmic flow.*? Conceivably, 
distention of neuronal perikarya sec- 
ondary to increased hydrolic pressure 
within the cell plays a role in the loss 
of synapses from the perikarya, axon 
hillock, and proximal axons of af- 
fected neurons in this disease. Type II 
synapses are thought to be inhibi- 
tory. Loss of these synapses might 
leave the neurons completely under 
the control of type I excitatory 
synapses that remain abundant in the 
neuropil. Such a mechanism might be 
the basis of the diffuse paroxysmal 
activity and other dimensions of cere- 
bral dysfunction characteristic of this 
and similar cases. 


Richard Nordgren, MD, Department of Neurol- 
ogy, Dartmouth Medical School, Hanover, NH, 
referred the patient. The biopsy was performed 
by Paul Chapman, MD, Department of Neurosur- 
gery, Massachusetts General Hospital, Boston. 

This study was supported in part by US Public 
Health Service Grant H D 04147 and 1-R01- 
NS12005-02 and by the Joseph P. Kennedy 
Memorial Foundation. 
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Brief Communications and Clinical Notes 


Johann Baptist Schmidt 


A Pioneer in the History of Aphasia 


Francois Boller, MD 


è Wernicke is usually credited with the 
first significant description of comprehen- 
sion disorders in aphasia. Before Wer- 
nicke, however, others had reported 
patients with impaired comprehension. 
This communication deals with one of 
those pioneer papers, that written by 
Schmidt, an obstetrician, in 1871. It 
concerns a 25-year-old woman who devel- 
oped sudden language difficulty ten days 
after delivery. She had trouble under- 
standing oral or written language. 
Through careful examination, Schmidt 
showed that she was neither deaf nor 
psychotic. He concludes his paper with a 
prediction of the area of the brain he 
suspected to be involved. Schmidt's 
paper represents an early, noteworthy 
effort to clarify the relations between brain 
and behavior. 

(Arch Neurol 34:306-307, 1977) 


arly descriptions of aphasia’ can 

be found among the oldest med- 

ical documents. Until the latter part of 
the 19th century, however, the litera- 
ture almost never mentions the disor- 
ders of comprehension that are so 
apparent in most aphasics. For exam- 
ple, the many discussions of aphasia 
found in the writings of Broca’? and his 
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contemporaries* with very few excep- 
tions deal only with the description 
and pathological correlations of “dis- 
orders of articulated speech.” Wer- 
nicke’ is usually credited with the first 
significant description of comprehen- 
sion disorders in aphasia. His work is 
undoubtedly much more detailed and 
systematic than that of any earlier 
investigator. Nevertheless, others had 
described the comprehension disor- 
ders of aphasic patients some years 
before Wernicke. As pointed out in a 
recent review,’ some of these authors, 
like Baillarger and Meynert, are well 
known. However, one significant con- 
tribution, that of Schmidt, published 
three years before Wernicke’s mono- 
graph (1871), seems to have been 
largely ignored. 

Little is known about Johann Bap- 
tist Schmidt, who was probably born 
in 1823 and died in 1884. (He should 
not be confused with an earlier writer, 
Johann Schmidt [1624-1690], who in 
1676 wrote a case report describing an 
alexic patient.') He is rarely men- 
tioned by medical historians. This 
neglect is strange, considering that 
his paper is quoted by Wernicke 
himself’ and that it contains several 
points of interest. 

Schmidt was not a neurologist nor 
an internist but an obstetrician. How- 
ever, one of his papers’ deals with 
neurology and may, in fact, be an 
early description of cortical vein 
thrombosis. He obtained his medical 


degree at Wiirzburg University in 
1850 and is known to have worked 
there in the obstetric clinic, which was 
directed by von Scanzoni, a prominent 
obstetrician of the time. 

Schmidt’s concise paper on aphasia 
is of interest because of the care and 
intelligence with which he examined 
his patient’s mental status. Most 
features of what is known today as 
Wernicke aphasia are recorded in this 
report. Although Schmidt does not use 
our modern terms, he shows that his 
patient had verbal and phonemic 
paraphasias and poor comprehension 
(differentiated from deafness or even 
from auditory agnosia) and was 
agraphic and alexic. The patient’s 
general behavior suggested to Sch- 
midt that she was neither demented 
nor psychotic. His observation that 
she understood better when spoken to 
very slowly emphasizes speed of 
language as a factor of comprehension 
disorder; this has been neglected until 
very recently.” The case description is 
followed by a discussion of the 
possible physiological and psycholog- 
ical mechanisms responsible for the 
patient’s deficit. Schmidt’s thinking 
here was probably influenced by his 
contemporary, Meynert,” who was 
working in Vienna. Although he 
obtained no postmortem verification, 
Schmidt concluded his paper with a 
prediction of the area of the brain he 
suspected to be involved, hypothesiz- 
ing that an infarct had affected his 
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patient’s sylvian fossa. 

His paper represents a noteworthy 
effort to clarify the relations between 
the brain and behavior that should be 
called to the attention of neurolo- 
gists. 


“Auditory and Language Impairment 
Following a Stroke”: 


The first pregnancy and parturition of 
Mrs N., 25 years old, was uneventful. She 
was in good condition until the tenth day 
post partum, when she suddenly lost 
consciousness while having a bowel move- 
ment. Within a short time, she regained 
consciousness and was able to walk to the 
next room and ask what had happened to 
her. However, it was extremely difficult 
for her to express herself; in addition, it 
was apparent that her hearing was 
impaired and that she could understand 
only with effort and after frequent repeti- 
tions. She was able to protrude her tongue 
straight without difficulty. Neither at the 
time nor later did she show signs of paral- 
ysis or paresis. 

On the following days her speech and 
hearing became worse. She could not 
understand a word, regardless of how 
loudly it was spoken to her. Her speech was 
very impaired and did not improve during 
the following two weeks. She had to make 
an effort both to find and express a word. 
Sometimes it came only in parts; other 
times a completely different term was 
produced. For example, she would say “but- 
ter” instead of “doctor.” At times she 
skipped syllables or omitted certain letters 
or replaced them with others. She would 
conjugate certain irregular verbs as if they 
were regular and frequently used the 
infinitive instead of regular tenses. 

The patient’s other sensory organs 
appeared to be intact. She was able to see 
well, and her consciousness did not seem to 
be affected. She observed everything in 
her environment; however, she could not 
express herself, regardless of how much 
she tried. We attempted to communicate 
with her through writing. When we wrote 
a question on paper, she would look at one 
word after the other with great intensity, 
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try to read single words aloud, and then try 
to get the total context and attempt to 
answer. Despite her apparent complete loss 
of hearing, we noted that she looked 
towards the door when someone knocked. 
On further testing, we found that she could 
understand certain simple sounds. For 
example, she could hear a bell, and she 
could differentiate between two bells 
according to the sound each made. In fact, 
her hearing was so sharp that she could 
hear the ticking of a watch as well as I do. 
If we articulated different vowels, she 
could hear and imitate them. If we spoke 
one-syllable words in an ordinary voice, she 
could not understand, but when we sepa- 
rated out each letter so that in pronuncia- 
tion it became very obvious, she could 
follow. In polysyllabic words, however, we 
had to say the syllables individually first 
and then together until she finally under- 
stood the word. Gradually she learned to 
understand words more quickly, but it took 
half a year until she could understand a 
very clearly pronounced entire short sen- 
tence without repetition. As her hearing 
improved, her speech improved, although 
she kept having some difficulties. As she 
herself explained later, she could hear 
speech well, but she heard it as a very 
confused noise. 

Since this patient heard simple sounds 
and noises well, the reason for her failure 
to understand was apparently her inability 
to cope with the speed with which the 
different letters—as well as the words— 
followed each other, she could not make 
sense of these letters and words. The lesion 
must have affected a certain part of the 
brain that possesses the function of 
combining sounds and sound images. 

In addition to the patient’s difficulty in 
developing the different sound images 
through hearing, it appears that other 
psychological processes were disturbed. 
This became more obvious during reading. 
When one looks at a written word, the 
single letters bring a certain memory recall 
to our consciousness. This vision is then 
transmitted to our auditory cortex and is 
then transformed into a sound image. Our 
patient could visualize these signs (read- 
ing), but she could transmit this to her 
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auditory cortex only with difficulty and 
then obviously had more problems in 
converting them into sound images. 

We must now explain why the patient’s 
hearing difficulties occurred in conjunction 
with her speech impairment. The produc- 
tion of sound images must precede 
language. A word that I want to say is 
produced through the influence of psychic 
processes in the auditory cortex and is then 
transmitted to the speech center. For 
example, if born deaf, a patient can never 
develop sound images and therefore cannot 
produce any through the influence of 
psychological processes. However, if a 
person becomes deaf later in life and the 
cortex stays intact, sound images can be 
produced by psychic influence; therefore, 
the speech is not impaired, despite the 
hearing impairment. However, if speech is 
normal and the auditory cortex has 
suffered, sound images can only be used 
very slowly, and therefore speech has to 
suffer in the same way because the speech 
images that have to be transmitted to the 
speech center are either missing or are 
generated in an incomplete form. 

Professor Dr Meynert has proved that 
the walls of the sylvian fossa are the area 
in which disease is found when speech 
disturbances appear. Within this area 
there are spindle-like elements of the 
cortex that are connected via the associa- 
tion system of the cortex, the fibrae 
arcuatae of Arnold, to an independent 
internal cortex area that constitutes the 
auditory cortex. Before language can 
occur, the sound images produced in that 
area have to be converted into very 
complex associations in order to be trans- 
lated into thoughts and words. 

To conclude, we can best explain this 
case by postulating an apoplectic stroke 
affecting the walls of the sylvian fossa. 
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Valproate Sodium in Huntington Chorea 


Iris Pearce, MB; Kenneth W. G. Heathfield, MD, FRCP; John M. S. Pearce, MD, FRCP 


è An open trial of valproate sodium in 
14 patients suffering from Huntington 
chorea showed that the drug was ineffec- 
tive in the two treatment schedules 
employed. 

(Arch Neurol 34:308-309, 1977) 


he brains of patients with Hunt- 

ington chorea show substan- 
tial'* reductions of gamma amino- 
butyric acid (GABA) and its syn- 
thesizing enzyme glutamic acid 
decarboxylase (GAD). Since GABA 
neurotransmission is essentially in- 
hibitory, its deficiency may explain 
the release of involuntary movements 
such as chorea. We describe in summa- 
ry an open trial of valproate sodium 
that in animals elevates brain GABA 
levels by inhibition of its transaminat- 
ing enzyme.’ 


PATIENTS AND METHODS 


Fourteen patients were studied. Four 
patients (group 1) receiving no other drugs 
were examined and cinephotographed over 
a three-month to 6-month period and ten 
patients (group 2) who were observed for 9 
to 80 months received other drugs (Table 1) 
to which valproate sodium was added. 
Group 1 patients were given a high-dosage 
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Table 1.—Clinical Features 
























Duration of Duration Valproate 
Huntington Treatment, Sodium, Other 
Patient/Sex/Age, yr Chorea, yr gm/day Treatment 
Group 1 
1/M/54 8 3 1.6 
2/F/20 4 6 1.6 
3/M/53 6+ 3 2.4 
4/M/55 1 3 1.6 
Group 2 
1/M/66 20 18 0.6 TB* 
2/M/49 8 24 0.5 Th 
3/M/48 5 24 0.6 TB 
4/F/63 2 24 0.6 TB 
5/M/73 18 18 nn SOO TB 
6/M/17 3 18 0.6 HP 
7/M/39 6 30 1.2 TB 
8/F/59 12 24 1.2 TB, Ph 
9/M/9 2 9 0.6 Or 






10/F/65 





“TB indicates tetrabenazine; Th, thiopropazate hydrochloride; HP, haloperidol; Ph, phenothia- 
zines; and Or, Orphenadrine hydrochloride. 


Impairment 
of Fine 
Manipulation 


Disorder Abnormal 


Chorea Posture Gait Dementia 





*+ indicates mild response; + +, moderate response; + + +, severe response. 
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Patient Chorea 





Before 


Abnormal 






Impairment 
of Fine 
Manipulation 





Gait Dementia 










“+ indicates mild response: + +, moderate response; + + +, severe response; 0, patient 


absent. 
Rigidity. 


Table 4.—Total Scores Before and After Treatment* 


Chorea Posture 


Before 


Speech 


*Scores are the total number of plus signs from 
+ + + would be recorded as a total score of 30. 


treatment for a short time and reviewed 
monthly. Group 2 patients were given a 
lower dosage treatment for a longer dura- 
tion. Abnormal physical signs and mental 
change were graded serially (Tables 2 and 
3). 


RESULTS 


Minor subjective improvement 
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Fine Movements 
Gait Impairment 


18 


Dementia 





previous tables. For instance, ten patients scored 


apart, no patient in group 1 showed 
any significant improvement in cho- 
rea, other neurological signs, affect, 
memory, or behaviour. No adults in 
group 2 improved, but transient ame- 
lioration was noted in two juvenile 
patients, one of whom subsequently 
relapsed (Table 2). Chorea increased 
over a two-year period in three of ten 


patients in group 2, and dementia 
increased in two of the group 1 
patients and in seven of the group 2 
patients (Table 4). 


COMMENT 


The concomitant use of dopamine 
antagonists (group 2) makes it impos- 
sible to separate their effect from that 
of valproate sodium; the fact that the 
addition of the latter had no great 
effect does however indicate that 
there can be little additive or antago- 
nistic effect in Huntington chorea. 
The negative findings in group 1 
strongly support this. Similar results 
have been reported’ in eight patients 
treated with valproate sodium alone 
and in conjunction with GABA. 

The failure of valproate sodium 
may indicate (1) that the maximum 
dose in man, though sufficient to 
modify epilepsy, is insufficient to 
increase basal ganglia GABA levels to 
a degree that inhibits chorea, (2) that 
the inhibitory action of GABA may be 
relatively unimportant at the level of 
the basal ganglia, and (3) that the lack 
of both GAD and GABA in Hunting- 
ton chorea implies a basie defect in 
synthesis, so that blockade of a 
degradative enzyme (GABA transam- 
inase) is ineffective. 


Nonproprietary Names 
and Trademarks of Drugs 


Orphenadrine hydrochloride—Disipal. 
Valproate sodium—Depakene. 
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Blindness of Cerebral Origin 


in Acute Intermittent Porphyria 


Report of a Case and Postmortem Examination 


Chi-Wan Lai, MD; Tsu-pei Hung, MD; W.S.J. Lin, MD 


è Sudden permanent blindness of cere- 
bral origin, in addition to severe abdom- 
inal pain, hypertension, convulsions, and 
peripheral neuropathy developed in a 21- 
year-old woman, a victim of acute inter- 
mittent porphyria. Findings of the patho- 
logical examination of the brain showed 
extensive infarction in both occipital 
lobes. The pathological changes were 
consistent with anoxia. We discuss and 
review the literature of the possibility of 
“vasospasm” of both posterior cerebral 
arteries. Follow-up studies with serial 
EEG showed either focal epileptogenic 
activity or diffuse slow waves. The most 
consistent epileptic discharges were 
found in the occipital regions. The favor- 
able response to the treatment of seizures 
with carbamazepine in this patient might 
encourage further clinical trials. 

(Arch Neurol 34:310-312, 1977) 


oss of vision or even blindness has 
been known to occur in patients 
suffering from various types of por- 
phyria. Permanent loss of vision in 
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reported cases was ascribed to lesions 
in the external structures of the eye," ° 
or retina (including the optic 
nerve). +> Transient amaurosis has 
also been reported,** and has been 
ascribed to transient spasm of the 
retinal vessels.’ However, blindness of 
cerebral origin was only described by 
Goldstein et al” in a case of chronic 
porphyria. Necropsy confirmation was 
not available. We report a case of 
acute intermittent porphyria with 
blindness of cerebral origin in which 
postmortem examination of the brain 
showed extensive bilateral lesions in 
the occipital lobes. 


REPORT OF A CASE 


A 21-year-old woman was admitted to 
the neurology ward of National Taiwan 
University Hospital on Nov 7, 1970, 
because of weakness of the lower limbs, 
obstinate constipation, and intermittent 
abdominal pain for two months. Sudden 
onset of bilateral blindness occurred three 
days before admission. 

She had been well except for frequent 
dysmenorrhea since her menarche at the 
age of 14 years. Two months prior to 
admission, malaise, constipation, intermit- 
tent abdominal pain and weakness of the 
lower limbs developed. Routine laboratory 
tests, including chest and skull x-ray films, 
a liver function test, and an ECG were 
negative. One month later, she was found 


to have hypertension and tachycardia. She 
had a generalized tonic-clonic seizure, with 
loss of consciousness after the injection of 
a “sedative.” An intractable tingling 
sensation in the limbs then developed. 
Three days prior to admission, she had an 
abrupt onset of blindness in both eyes. 
Family history showed that one of her 
aunts (the youngest sister of her mother), 
22 years old, was concurrently suffering 
from weakness of limbs, with disturbance 
of consciousness, and her urine was found 
to have a strong reaction to the Watson- 
Schwartz test. Other members of the 
family were healthy and no dermal photo- 
sensitivity or epilepsy was found. 

The patient was pale and emaciated. She 
was disoriented for time and person. Her 
blood pressure was 174/122 mm Hg and the 
radial pulse rate was 138/min. Her skin 
was dry, with no evidence of photosensi- 
tivity or abnormal pigmentation. No hepa- 
tosplenomegaly was found. She was totally 
blind in both eyes. However, the pupils 
were equal and the light reflex was 
preserved. Funduscopic examination 
showed only a mild hypertensive retinopa- 
thy. Cranial nerves were intact. Flaccid 
paralysis with hypoactive muscle stretch 
reflexes was present in the lower limbs, but 
sensory function seemed intact. The urine 
was burgundy in color, and the reaction to 
the Watson-Schwartz test was strongly 
positive. Findings of the hemogram were 
normal. The test for urine sugar was nega- 
tive, but there was an elevation of the 
fasting blood glucose level (168 mg/100 ml), 
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and the glucose tolerance test showed a 
diabetic curve. Liver function tests were 
normal, except bromosulphalein retention 
was 14% one hour after injection. 

Drugs that might aggravate porphyria 
were not used. Treatment was given for 
symptomatic relief: chlorpromazine for 
mental symptoms; carbamazepine for con- 
vulsions; guanethidine sulfate, reserpine, 
and methyldopa for hypertension. Cortico- 
tropin did not have significant beneficial 
effect. 

The clinical course is shown in a diagram 
(Fig 1). She had ten severe crises: in each 
there were hypertension, tachycardia, and 
abdominal pain, and sometimes, convul- 
sions, severe paresthesias in the legs, 
disturbance of consciousness, hyponatre- 
mia, and acid-base imbalance. Bilateral 
vocal cord paresis was found during one 
crisis in January and facial diplegia in 
February. Tracheostomy was done because 
of severe respiratory difficulty. Periodi- 
cally, she could detect light. Atrophy of the 
limbs became pronounced as the disease 
progressed. Reduced nerve conduction vel- 
ocity and the electromyogram were in 
conformity with the presence of severe 
peripheral neuropathy. 

Electroencephalograms were performed 
several times. The first record was taken 
two weeks after the crisis during which she 
had three generalized seizures. The EEG 
clearly demonstrated a focal spike in the 
left frontotemporal area. Two weeks later, 
it showed a diffuse disorganization of the 
background activity, interrupted by repeti- 
tive focal sharp waves in occipital areas 
bilaterally, with no response to eye opening 
or photic stimulation. Later, diffuse slow 
waves appeared and then the bioccipital 
sharp waves reappeared. The last record, 
taken while the patient was free from 
severe symptoms, showed partial restora- 
tion of alpha rhythm, with mild general- 
ized intermittent theta waves. 

The last crisis occurred on Dee 1, 1971. 
She became obtunded and then unarous- 
able. On Dec 10, she vomited brownish 
material, displayed twitching of the eyelids 
and upper limbs, and died. Permission was 
granted for examination of the brain. 


Autopsy Findings 


The brain weighed 1,200 gm. The gross 
pathologic changes were confined to the 
occipital lobes; these were shrunken with 
granularity and cystic degeneration in the 
superior occipital gyri of both hemispheres. 
The calcarine fissures were widened 
because of narrowing of the cortical layers, 
in which the cut surface appeared to be 
white and the lines of Gennari were 
completely lost (Fig 2). Microscopic exami- 
nation showed glial trabeculae traversing 
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Fig 1.—Clinical course of patient from September 1970 to December 1971. BP indicates 


blood pressure; PR, pulse rate. 


the areas of cystic destruction of all the 
cortical layers, leaving only the molecular 
layer less involved. No normal ganglion 
cells were seen. Gliosis and loss of ganglion 
cells were prominent in the primary visual 
cortex bilaterally. The changes were 
marked in the II, III, and V layers, and the 
line of Gennari had become indistinct. In 
addition to the changes in the cortex, the 
white matter of the left visual cortex near 
the posterior horn of the lateral ventricle 
also showed severe demyelination. Optic 
nerves and retinae showed no pathological 
changes. 


COMMENT 


Tu et al studied five cases of 
porphyria variegata and three cases of 
acute intermittent porphyria in Tai- 
wan and found the clinical and 
biochemical findings in these eight 
cases to be in general agreement with 
those reported in porphyria patients 
in other ethnic groups. In our case, 
both laboratory and clinical findings 
could undoubtedly fulfill all the diag- 
nostic criteria for acute intermittent 
porphyria (AIP) that were proposed 
by Markovitz." 

Though peripheral neuropathy has 
been frequently encountered in 
ATP*®"™'215 as in our case, demon- 
strated involvement of the CNS is 
much less often cited. Baker and 





Fig 2.—Superior occipital gyri of both 
hemispheres are shrunken, granular, and 
cystic. Calcarine fissures are widened. 


Watson’ demonstrated foci of perivas- 
cular demyelination in the cerebral 
white matter and thought them to be 
due to toxic changes. Ten Eyck et al 
in their necropsy study of six brains of 
AIP patients found that the cerebral 
cortex was usually normal, but slight 
chromatolysis, gliosis, pigments, ede- 
ma, swelling of axons, perivascular 
and pia-arachnoid lymphocytes infil- 
tration might occur. Hierons re- 
ported five cases of AIP, with exten- 
sive pathological study of the periph- 
eral and central nervous system; he 
found diffuse neuronal loss in the 
cortex as well as focal infarction. He 
postulated that the former finding 
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might be due to anoxia caused by 
respiratory paralysis and the latter 
finding, to vascular spasm secondary 
to hypertension. Though one of his 
patients (case 1) showed a severe focal 
lesion with cellular loss in all layers in 
the occipital cortex, Hierons did not 
mention any visual symptoms or signs 
in the clinical note. However, the 
confinement of severe pathologic 
changes to the occipital lobes in our 
case can hardly be explained by either 
systemic hypoxia or toxic influence. 
The microscopic findings of severe 
cystic destruction involving the mesial 
occipital layers, except the molecular 
layer, suggested that local anoxia 
might have taken place. Considering 
the bilateral cortical blindness devel- 
oped suddenly without concomitant 
respiratory failure, it is reasonable to 
speculate that spasm of both posterior 
cerebral arteries, due to either sus- 
tained or repeated hypertension dur- 
ing the crisis, might be responsible for 
focal damage to the occipital lobes. In 
addition, the absence of thrombus or 
any changes in the walls of these 
arteries support the possibility of 
“vasospasm,” as Hierons’ proposed. 

_ The EEG changes in AIP have been 
discussed in other reports.'*"’ There is 
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no pathognomonic finding. The rec- 


ords may vary from normal to 
markedly abnormal. The abnormality 
may consist of either diffuse slow 
waves,“ or focal spikes or sharp 
waves," and the findings can be 
reversible, correlating with clinical 
improvement. The present case 
showed initially a focal spike in 
the left frontotemporal area, then 
changed to bioccipital sharp waves, 
and later, showed diffuse slow waves, 
followed by improvement. The patho- 
logical changes were maximum in the 
occipital region, and the more consis- 
tent EEG changes were situated in 
the same area. The lack of alpha 
rhythm, absence of photic driving 
response, and diffuse slow waves are 
in keeping with the EKG findings in 
cortical blindness.'* 

Worth noting is the trial of carba- 
mazepine in this case. It is well known 
that most of the anticonvulsants, such 
as barbiturates, phenytoin, mepheny- 
toin and methsuximide are notorious 
as agents that accelerate the activity 
of delta-amino levulinic acid synthe- 
tase and thus produce exacerbation.” 
This patient had no seizure in subse- 
quent crises while receiving carbama- 
zepine, but did have two seizures four 
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days after this medication was discon- 
tinued. The seizures stopped after we 
reinstituted this medication. This pa- 
tient’s favorable response to carbama- 
zepine treatment without aggravation 
of her porphyric condition is impor- 
tant; further trials of carbamazepine 
in porphyric patients may likewise 
show a favorable outcome. The drug 
should be screened for porphyrogenic 
properties in laboratory animals.*° 

Reference is made to “Grand Mal 
Seizures and Acute Intermittent Porphy- 
ria: The Problem of Differential Diagnosis 
and Treatment” by Magnussen et al (Neu- 
rology 25:1121-1125, 1975) in respect to the 
use of carbamazepine—Eb. 


Fernando Torres, MD, Angeline Mastri, MD, 
and Norman Reynolds, MD, Department of 
Neurology, University of Minnesota Hospitals, 
reviewed the manuscript and provided valuable 
suggestions. 


Nonproprietary Names 
and Trademarks of Drugs 
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EReniraminie ATtinosalicyiate Overdosage 


Reversal of Delirium and Choreiform Movements With Tacrine Treatment 


George Mendelson, MB, BS, MANZCP 


è We describe a case of central anti- 
cholinergic syndrome with choreiform 
movements after an overdose of pheni- 
ramine aminosalicylate. The symptoms 
and signs of the condition were reversed 
by the intravenous administration of the 
cholinesterase-inhibitor tetrahydroamina- 
crine. We also discuss the concept of 
adrenergic-cholinergic imbalance in rela- 
tion to this case and recommend the use 
of centrally acting anticholinesterase 
agents in the treatment of specific cases 
of drug overdose. 

(Arch Neurol 34:313, 1977) 


he peripheral effects of anticho- 

linergic drugs, namely, dry 
mouth, tachycardia, blurred vision, 
warm and dry skin, and urinary hesi- 
tancy are an extension of the pharma- 
ecological action of these substances 
and become marked in cases of over- 
dosage with these drugs. In overdose, 
substances with anticholinergic activi- 
ty may disturb the balance between 
adrenergic and cholinergic neuro- 
transmitter mechanisms, leading to 
the “central anticholinergic syn- 
drome” of hallucinations, agitation, 
dysarthria, impaired short-term mem- 
ory, and disorientation; in some cases, 
involuntary movements of a chorei- 
form type occur.' The physiological 
basis of this syndrome is apparently 
the competitive blockade at central 
cholinergic muscarinic sites, which 
can be reversed by anticholinesterase 
agents that cross the blood-brain 
barrier.” A case of the central anti- 
cholinergic syndrome with choreiform 
movements due to an overdose of 
pheniramine aminosalicylate (Avil) is 
reported; reversal of the syndrome 
was obtained by the administration of 
the anticholinesterase agent tacrine.’ 


REPORT OF A CASE 


A 16-year-old girl, weighing 48 kg, was 
brought to the casualty department some 
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16 hours after she had swallowed between 
10 and 20 tablets containing 50 mg of 
pheniramine aminosalicylate. The tablets 
were positively identified from the packets 
in which they had been purchased “over the 
counter” (ie, without prescription). 

On arrival to the casualty department, 
she was noted to have frequent “jerky” 
movements involving mainly the trunk and 
limbs, which she was unable to control 
voluntarily. She was disorientated in time 
and place, her concentration was poor, and 
short-term memory was markedly im- 
paired. She was agitated and had to be 
restrained from wandering about the 
casualty area. There was no evidence of 
hallucinations and no dysarthria. 

Physical examination showed a tachy- 
cardia of 120/min, a blood pressure within 
normal limits, a respiratory rate of 22/min, 
and no elevation of temperature. Her 
pupils were maximally dilated, with slug- 
gish reaction to light. There was no nystag- 
mus, and no other abnormal findings were 
elicited. 

She was treated with tacrine, 30 mg 
being administered intravenously over a 
five-minute period. This produced a slow- 
ing down of the pulse to 95/min, but 
initially, no apparent reduction in the 
severity or frequency of the abnormal 
movements nor change in her mental 
state. 

However, when seen again some 20 
minutes later, she was no longer agitated, 
the choreiform movements had ceased, and 
short-term memory was intact. She was 
also able to recall taking 14 of the tablets, 
which she had purchased with the express 
purpose of taking in large quantity for the 
effect of ‘tripping’, previously described to 
her by friends. She denied prior experi- 
ences with hallucinogenic drugs or the use 
of any other illicit substances. She did not 
attend her follow-up observation appoint- 
ment. 


COMMENT 


The abuse of pheniramine amino- 
salicylate for its hallucinogenic effect 
has been commented on previously, 
and its easy availability in proprietary 
medicines that can be purchased 
without prescription has been criti- 
cized. 

The central anticholinergic syn- 
drome is a specific drug-induced 
psychosis, resulting from a “shift” of 
the autonomic balance in the direction 


of adrenergic dominance as discussed 
by El-Yousef et al.2 The importance of 
disturbances in the balance between 
central adrenergic (dopaminergic?) 
and cholinergic neurotransmitter ac- 
tivity has been implicated in the 
origins of certain abnormal movement 
disorders; the patient described in this 
report had choreiform movements 
that developed following the ingestion 
of 700 mg of pheniramine. 

One of the striking features of the 
central anticholinergic syndrome is 
the marked impairment of short-term 
memory, with preservation of imme- 
diate recall; this may, however, be 
difficult to assess in an agitated 
patient. This clinical feature is of 
particular interest in view of the 
demonstration that central cholin- 
ergic mechanisms are crucial to the 
registration and retention of new 
information.‘ 

Choreiform movements have been 
previously reported in association 
with overdose of tricyclic antidepres- 
sants; both phenothiazines and anti- 
histamines also possess anticholin- 
ergic properties, and all three groups 
of drugs can lead to tardive dyskinesia 
with prolonged use.’ 

Although the usefulness of the 
centrally acting cholinesterase inhibi- 
tors in reversing the central anticho- 
linergic syndrome is widely recog- 
nized, their efficacy in controlling 
acute dystonic reactions due to anti- 
histamines has not been previously 
described. 
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Pattern Visual Evoked Responses 


in Multiple Sclerosis 


James A. Zeese, MD 


© The latency of the first major positive 
component of the visual evoked response 
to pattern reversal was measured from a 
midoccipital electrode for each eye in 30 
patients with a definite diagnosis of 
multiple sclerosis (MS). Their latencies 
were compared with those of a group of 18 
normal subjects and 18 patients with 
other neurological diseases. Of 26 MS 
patients with a measurable response, 77% 
gave values that were outside the ranges 
of the two control groups. A total of 75% of 
the MS patients without history or findings 
of optic neuritis had an abnormal 
response. The procedure appears to be 
useful in detecting asymptomatic lesions 
of the visual pathways in suspected MS 
patients. 

(Arch Neurol 34:314-316, 1977) 


Haii et al? have shown that 
the latency of the first major 
positive component of the visual 
evoked response to pattern reversal 
falls within a narrow range in normal 
subjects and that this latency is often 
prolonged following optic neuritis and 
in patients with multiple sclerosis 
(MS), both with and without a history 
or findings of optic neuritis. Asselman 
et al* have obtained similar results 
with control subjects and MS patients. 
Since the diagnosis of MS depends 
largely on clinical observations indi- 
cating multiple CNS lesions, these 
investigators have proposed the pat- 
tern evoked response as an objective 
means of identifying lesions of the 
visual pathways. This study compares 
the pattern evoked response in (1) 
patients with a definite diagnosis of 
MS, (2) normal subjects, and (3) 





Accepted for publication Feb 2, 1977. 

From the Department of Neurology, Univer- 
sity of Minnesota Hospitals, Minneapolis. 

Read in part before the annual meeting of the 
American EEG Society, Mexico City, Oct 17, 
1975. 

Reprint requests to Department of Neurology, 
University of Minnesota Hospitals, Minneapolis, 
MN 55455 (Dr Zeese). 


314 Arch Neurol—Vol 34, May 1977 


patients with neurological diseases 
affecting the cerebral hemispheres 
other than MS. 


SUBJECTS AND METHODS 


Thirty patients meeting McAlpine and 
co-workers™ criteria for definite MS were 
studied. Their mean age was 41.3 years 
(range, 25 to 66). Eighteen normal subjects 
with a mean age of 30.4 years (range, 21 to 
62) and 18 patients with a mean age of 46.7 
years (range, 21 to 73) with diagnosed 
neurological diseases affecting the cere- 
bral hemispheres other than MS, but with 
normal corrected visual acuity, were also 
studied. The diagnoses of the control 
patients are shown below: 


No. 
Parkinson disease 4 
Seizure disorder 7 
Extrapyramidal syndrome 1 
Stroke 4 
Transient ischemic attack 1 
Dementia (senile) 1 


A checkerboard pattern of light and dark 
squares was projected via a mirror on the 
back of a translucent screen 1 m in front of 
the subject. The pattern subtended an 
angle with the eye of 30 degrees, with each 
square subtending an angle of 45 minutes. 
The pattern was shifted side to side every 
0.6 seconds such that the light and dark 
squares reversed position by shifting the 
mirror to and fro. The mirror was driven 
by a trapezoidal shaped signal with rise 
and fall times of 10 msec such that the 
reversal of the pattern took 10 msec, with 
the pattern then remaining stationary for 








Multiple sclerosis (MS) 
patients with measurable 
response (N = 26) 

MS patients without 
history of optic 
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MS patients without 
findings of optic 
neuritis (N = 8) 

MS patients with history 

of optic neuritis (N = 10) 


Comparison of Latencies Between Three Groups of Subjects 


> That of 
Normal Subjects 









the remainder of the 0.6 second period. 
Timing signals were produced to trigger 
an averaging computer each time the 
pattern reversed position, and the response 
to 200 reversals was averaged. A point for 
fixation was provided in the center of the 
screen, and each eye was stimulated sepa- 
rately, with the other eye being covered. At 
least two trials were done for each eye, and 
the mean latency of the first major positive 
component for the trials was calculated. 
The responses were measured from a 
midline occipital electrode 5 em above the 
inion referenced to a midline electrode 12 
em behind the nasion. 


RESULTS 


Figure 1 shows typical pattern 
evoked responses for three different 
normal subjects. Although there are 
variations in the minor components of 
the responses, the first major positive 
(downward) component is easily iden- 
tified. The mean latency for 18 normal 
subjects was 103.3 msec (SD, 3.2; 
range, 95.4 to 108.3). Eighteen control 
patients with neurological diseases 
other than MS showed similar 
responses. The mean latency of the 
first major positivity for the control 
patients was 110.1 msec (SD, 6.5; 
range, 100.3 to 123.5). 

Figure 2 shows typical evoked 
responses for three patients with MS, 
all with visual acuity of 20/30 or 
better. The first two patients had no 
history of optic neuritis, although 
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24 (92) 19 (73) 
15 (94) 12 (75) 
7 (88) 6 (75) 
9 (90) 7 (70) 
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Fig 1.—Pattern evoked responses for one eye of three normal 
subjects, showing consistency of first major positive (downward) 


component. 


patient 1 had bilateral optic atrophy. 
Patient 3 had a history of bilateral 
optic neuritis. 

If visual acuity is very poor, it is 
difficult to obtain a response. The 
first two responses shown in Fig 3 are 
from a patient who had a history of 
optic neuritis of the right eye and 
optic atrophy with a visual acuity of 
20/200. The left eye was normal on 
examination and had a visual acuity of 
20/30. The right eye shows a poorly 
defined positivity at about 215 msec, 
and the left eye shows a well defined 
positivity at 139 msec. The third 
response is from a patient with optic 
neuritis and secondary optic atrophy, 
with visual acuity limited to finger 
counting. Although this response was 
fairly repeatable on separate trials, no 
definite major positivity can be iden- 
tified. Of the 30 patients with a diag- 
nosis of MS, 26 had a measurable 
response. 

Figure 4 shows the distribution of 
latencies for the three groups, plot- 
ting the value for the eye with the 
longer latency of each subject. Com- 
parisons between the three groups are 
shown in the Table. Ninety-two per- 
cent of the MS patients had a longer 


Arch Neurol—Vol 34, May 1977 





Fig 2.—Pattern evoked responses for one eye of three 
patients with multiple sclerosis. Positive component is 
downward; negative is upward. 


latency than the normal subjects, and 
73% were longer than the patients 
with other neurological diseases. Six- 
teen of the MS patients had no history 
of optic neuritis, and of these, 94% had 
a longer latency than the normal 
subjects and 75% were longer than the 
control patients. Eight MS patients 
had no clinical findings of optic neuri- 
tis, and 88% of these had a longer 
latency than the normal subjects and 
75% had a longer latency than the 
control patients. Among the control 
patients, no correlation with age or 
diagnosis was found to explain the 
differences in latencies between this 
group and the normal subjects. 

In addition to the absolute value of 
the latency, the difference of the 
latencies between eyes may be of 
value in discriminating between a 
normal and abnormal response. The 
mean difference of latencies between 
eyes (left minus right) for normal 
subjects was 0.9 msec (SD, 2.0) and for 
control patients, 1.3 msec (SD, 1.9). It 
would thus be expected that 99% of 
subjects in these groups would have a 
difference between the two eyes of 
less than 7 msec. Of the 26 MS 
patients with a measurable response, 





14 had a difference between the two 
eyes of greater than 7 msec. It should 
be noted, however, that in MS patients 
with relatively long latencies, the 
waveform is often not as well defined 
as in normal subjects and it is more 
difficult to get exactly repeatable 
trials. Thus, with long latencies, mild 
differences between the two eyes are 
more likely to be seen. Of the seven 
MS patients with latency equal to or 
less than that of the control patients, 
one had a difference between the two 
eyes of greater than 7 msec. Thus, 
using this measure as well as the 
absolute values of latency, 20 (77%) of 
the MS patients with a measurable 
response were different than either 
the control patients or normal sub- 
jects. 

Ten of the MS patients with a 
measurable response (Table) had a 
history of optic neuritis. Of these, one 
patient had latencies that fell within 
the range of that of normal subjects, 
although the amplitude of the re- 
sponse for the previously affected eye 
was considerably less (82%) than that 
of the unaffected eye. In general, 
however, amplitude measurements 
are much more variable than latencies 
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Fig 3.—Pattern evoked responses for two patients with 
multiple sclerosis. Patient 4 has poorly defined major 
positivity for right eye. Patient 5 has no definable major 
positivity. Positive component is downward; negative is 
upward. VA indicates visual acuity; FC, finger counting. 
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Fig 4.—Distribution of latencies (eye with the longer latency) for SD: 


three different subject groups. 


of the first major positive component 
and are particularly sensitive to drow- 
siness and/or inattention to the sub- 
ject. Two additional patients with a 
history of optic neuritis had latencies 
that fell into the range of that of the 
control patients, although one of them 
had a significant (P < .01) asymmetry 
of 14.8 msec between the two eyes. 


COMMENT 


The results indicate that the pat- 
tern visual evoked response should be 
a useful aid in the diagnosis of 
multiple sclerosis because of its ability 
to detect asymptomatic lesions of the 
visual pathways. The percentage of 
MS patients in this study that show 
abnormalities of pattern visual 
evoked responses is similar to that 
reported by others.** The high per- 
centage of delayed responses follow- 
ing optic neuritis and the frequent 
asymmetrical delays in MS patients 
suggest that the lesion producing the 
abnormality is demyelination in the 
optic nerve itself. Nevertheless, a 
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central effect related to hemispheral 
disease may play a role in the delayed 
latencies, as evidenced by the mild 
delays in many of the control patients 
when compared to the latencies of the 
normal subjects. Previous reports 
have not included in their control 
groups patients with diagnosed neuro- 
logical diseases affecting the cerebral 
hemispheres other than MS. 

It must be stressed that prolonged 
latencies are not specific for optic 
neuritis since diseases of the eye as 
well as compressive lesions of the 
optic nerves may give delayed 
responses, the latter having been 
recently studied in detail by Halliday 
et al.° In addition, degenerative neu- 
rological diseases that affect the 
visual pathways may also give abnor- 
mal responses.’ 

At the University of Minnesota 
Hospitals, the test has often proved 
useful in confirming abnormalities in 
patients with histories or findings 
that are only suggestive of optic 
neuritis. In addition, the test has been 
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helpful in making the diagnosis of MS 
in patients with history and clinical 
findings indicating disease mainly in 
the posterior fossa structures and/or 
spinal cord, particularly when the 
findings have been present for several 
years. The ultimate usefulness of the 
test in cases such as these awaits the 
passage of time to see how many of 
these patients will eventually meet 
the usual clinical criteria or the 
autopsy findings indicative of MS. 
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Transient Global Amnesia Due to 


a Dominant Hemisphere Tumor 


Robert P. Lisak, MD, Robert A. Zimmerman, MD 


è Transient global amnesia is generally 
regarded as a benign syndrome of proba- 
ble vascular etiology. We describe a man 
who experienced a single episode of tran- 
sient global amnesia and subsequently 
developed a progressive dominant hemi- 
spheric syndrome. Neuroradiologic inves- 
tigations and the patient’s subsequent 
death strongly suggest that his disease 
was due to a left temporal-parietal mass 
lesion. Although the syndrome is most 
often benign, such patients should be 
examined for mass lesions. 

(Arch Neurol 34:317-318, 1977) 


T ransient global amnesia is a 
syndrome of unknown etiology 
that generally consists of a single 
episode of loss of short-term memory 
followed by retrograde amnesia.'-? 
Patients may occasionally have multi- 
ple episodes, resulting in some perma- 
nent disability in memory function.’ 
The disorder is thought by many to 
result from a transient ischemic 
episode’ affecting some portion of 
the temporal lobe(s), most likely the 
hippocampus, or its connections re- 
lated to memory functions. There has 
been a report of a patient with a 
pituitary chromophobe adenoma 
whose presenting complaint was tran- 
sient global amnesia.® Recently, a 
patient who had transient global 
amnesia three months before develop- 
ment of the Korsakoff syndrome was 
described. A glioma localized to the 
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posterior limbic system bilaterally 
was found.’ Our patient had an attack 
of transient global amnesia, which 
was later related to an intracranial 
mass lesion involving the dominant 
hemisphere. 


REPORT OF A CASE 

The patient was a 70-year-old, right- 
handed man with a history of atheroscle- 
rotic coronary artery disease, but with no 
previous neurologic complaints. He had 
sudden onset of loss of memory, which 
involved events encompassing approxi- 
mately the three hours prior to his family 
noticing his disability. He was unable to 
remember having received a check two 
hours before. He did not remember the 
arrival of several people who were in his 
apartment. As his family spoke to him, he 
was, however, able to remember who these 
family members were, what type of car he 
had, his address, and other similar infor- 
mation. He was not able to remember the 
check in question when he was shown the 
item a few minutes later. There was 
gradual clearing, so that several hours later 
when he was examined by a physician he 
had mild persistence of his deficit, but 
already showed signs of retaining memory 
of events that had occurred during his 
physical examination. Four days later, 
findings from neurologic examination 
were entirely normal. Carotid pulsations 
were equal bilaterally without bruits, and 
ophthalmodynamometry revealed no sig- 
nificant difference in the diastolic pres- 
sures. Memory was entirely normal as was 
the rest of his mental status. The episode 
was thought to be transient global amnesia 
from which he had recovered completely. A 
vascular event was believed to be the most 
likely cause. The EEG was normal, but a 
technetium Te 99m brain scan indicated a 
focal increase of radioactivity in the left 
posterior cerebral hemisphere. Transverse 
sections of the nuclide scan showed a 
distinct abnormality in the white matter 
seen in a 1-cm cut above the orbital-meatal 


line on the left side. Another technetium 
Te 99m scan performed one month later 
was unchanged. At this time, two months 
after the amnestic episode, the family 
noticed that the patient was beginning to 
show constant difficulty with memory, but 
had no other neurologic complaints. Be- 
cause symptoms were mild, the family did 
not wish further investigation. 

Over a one week period, approximately 
three months after the initial transient 
episode of amnesia, the patient became 
aphasic, developed a right hemiparesis, and 
was admitted to the Hospital of the Uni- 
versity of Pennsylvania. Findings from 
general physical examination indicated a 
blood pressure of 170/100 mm Hg, a 
regular pulse of 98 beats per minute, and a 
respiratory rate of 16/min. 

Neurologic examination disclosed a pre- 
dominantly fluent aphasia with decreased 
comprehension and inability to repeat test 
phrases. There were dysnomia and multi- 
ple syntactic errors, with right-left disor- 
ientation and dyslexia. A right homony- 
mous hemianopsia and right hemiparesis 
with increased tone were noted. Sensory 
examination showed diminished pin and 
touch sensation on the right, as well as 
probable diminished position sense. Re- 
flexes were increased, more on the right. A 
Babinski sign was present on the right. 

Results of routine blood chemistry and 
urine studies were normal. Computerized 
tomography (CT) was performed, and a 
large mass lesion in the left hemisphere 
was noted obstructing and displacing the 
left occipital horn and producing a sur- 
rounding area of edema anteriorly (Fig 1 
and 2). The mass involved the region of the 
lateral pulvinar nucleus of the thalamus, 
the retrolenticular portion of the internal 
capsule, and the optic radiations extending 
into the occipital lobe. The midline struc- 
tures were shifted to the right. The 
calcified choroid plexus was elevated and 
displaced anteriorly. Edema was present 
extending into the posterior parietal 
region on the left. A CT scan performed 
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Fig 1.—Computerized tomogram shows mass effect indicated by 
displacement of ventricle. Decreased density consistent with 
edema outlines mass of same density as rest of brain. 


after the intravenous injection of iothala- 
mate meglumine showed that the lesion 
enhanced and had an appearance consis- 
tent with a relatively high-grade neoplasm 
(Fig 2). Linear areas of increased density 
projecting posteriorly and medially from 
the tumor mass suggested draining veins 
from the tumor. The EEG showed spike 
and slow waves as well as slow waves of 
delta frequency in the left parietal- 
temporal region. Chest roentgenogram, 
intravenous pyelogram, and radionuclide 
bone survey in a search for primary tumor 
were unrevealing. 

The patient became progressively lethar- 
gic and unresponsive and subsequently 
died. Permission for postmortem examina- 
tion was not obtained. 


COMMENT 
Transient global amnesia is an 
entity of unknown etiology.* We have 
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found two previous cases in which 
transient global amnesia was the 
presenting symptom of a neoplastic 
process or space-occupying lesion. 
Hartley and co-workers“ have recently 
described a patient with a pituitary 
adenoma who had transient global 
amnesia as the most striking early 
symptom of his illness, although at the 
time of first neurologic examination 
there was a persistent memory defect 
as well. A second patient’ had a glioma 
involving the posterior limbic system 
bilaterally. 

Our patient had a classic single 
attack of transient global amnesia, 
with normal examination results four 
days later. Permission for autopsy 
was not obtained, but the nuclide 
brain scan, the CT scan and the 
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Fig 2.—Computerized tomogram after injection of contrast mate- 
rial shows enhancement of mass lesion. Displacement of pineal 
Calcification to right of midline is identified. 


patient’s subsequent death leave little 
doubt that a space-occupying lesion, 
most likely a primary brain tumor, 
was responsible for his symptoms. 
Two radionuclide brain scans and two 
CT scans failed to reveal any right 
hemispheric lesions. Our experience, 
along with those previously reported, 
suggests that examination of patients 
with transient global amnesia should 
include a search for a possible intra- 
cranial tumor. The mechanisms for 
transient global amnesia in mass 
lesions is not clear. Such episodes 
could represent convulsive phenom- 
ena. 
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Letters to the Editor 


Hereditary Hemorrhagic 
Telangiectasia 


To the Editor.—The article entitled 
“Neurologic Aspects of Hereditary 
Hemorrhagic Telangiectasia” in the 
February issue of the ARCHIVES 
(34:101, 1977) prompts me to make the 
following comment. 

Approximately two years after the 
publication of my article' on the same 
subject (quoted in the above article), I 
had the opportunity to study the 
mother of the patient I described as 
having hereditary hemorrhagic telan- 
giectasia with both pulmonary and 
cerebral arteriovenous malforma- 
tions. The mother had already been 
strongly suspected of also having a 
pulmonary arteriovenous malforma- 
tion at the time of my writing; she 
was admitted to hospital with a 
sudden severe headache and brief loss 
of consciousness. Investigations veri- 
fied that, like her daughter, she too 
had asymptomatic pulmonary and 
symptomatic cerebral arteriovenous 
malformations. 

To my knowledge, this is the first 
family with hereditary hemorrhagic 
telangiectasia in which members of 
two consecutive generations have 
coexistent pulmonary as well as cere- 
bral arteriovenous malformations. 


M. L. Boczxo, PC, MD 
185 MAPLE AVE 
White Plains, NY 10601 
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Bigeminy Related to REM Sleep 


To the Editor.—A variety of autonom- 
ic changes occur during rapid eye 
movememt (REM) sleep. Of these, 
changes in the cardiovascular func- 
tions are perhaps of the greatest clin- 
ical interest dating from MacWil- 
liam’s' pioneering observation of car- 
diovascular disorders associated with 
“disturbed” sleep. The statement is 
commonly made that cardiac arrhyth- 
mias are frequently found in REM. 
The work of Nowlin et al’ is usually 
cited. These authors described ST-T 
wave changes and angina in four 
patients during REM sleep, but no 
actual arrhythmias. Similar changes 
and changes in heart rate have been 
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frequently reported. 

However, reports of REM-related 
arrhythmias are quite rare. Fahrion® 
described a patient with paroxysmal 
atrial tachycardia with “heart rate 
variability” during dreams. Rosen- 
blatt et al' reported an increase in 
premature ventricular contractions in 
11 subjects in all stages of sleep, but 
more so in REM. However, this 
phenomenon appeared to be related 
more to the heart rate than the stage 
of sleep. Gassel et al’ mention a 
frequent observation of heart rate “ir- 
regularity” in REM, without further 
comment. In contrast to these few 
reports, recent reports have indicated 


A. 


a decrease of arrhythmias during 
sleep and that the incidence of 
arrhythmias during sleep (REM in 
particular) is no different than during 
the waking state.’ 

We recently recorded an EEG on a 
60-year-old man with chronic renal 
disease, diabetes and myoclonic jerk- 
ing. There was no known cardiac 
disease. Electrocardiographic moni- 
toring was performed with leads over 
each wrist connected to one amplifier 
of the EEG machine. The heart rate 
was 96 beats per minute in the waking 
and non-REM sleep state. Single 
premature ventricular contractions 
were seen at these times as well as 


Two samples recorded in sleep. A, During non-rapid eye movement (REM). Note minor 
atrial and ventricular irregularities. B, Recorded during REM. Eye movements can be 
seen in anterior EEG leads. Note bigeminy in EKG lead. Time base for last part of B is that 
of A so that abnormal EKG activity can be seen better. 
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atrial arrhythmias consisting of occa- 
sional prolongation of the R-R inter- 
val and a single run of three beats of 
atrial tachycardia (Figure). 

A short period of REM sleep was 
recorded and during this time bigemi- 
ny was seen as illustrated in the 
Figure. Bigeminy did not occur at any 
other time. Before all-night sleep 
recordings could be accomplished, the 
patient went into renal failure and 
developed several types of arrhyth- 
mia, which persisted and required 
treatment. 

We believed that this case might be 
of interest though it could be argued 
that the simultaneous occurrence of 
bigeminy and REM sleep was coinci- 
dental. The type of arrhythmia noted 
is also of interest. Only one other au- 
thor has noted bigeminy that was 
REM-related.* The illustration pre- 
sented in support of this observation 
appears to demonstrate premature 
atrial contractions rather than bigem- 
iny. 

In view of the well-known altera- 
tions of central physiology during 
REM sleep and the literature showing 
that arrhythmias can be readily 
produced experimentally by chemical 
or electrical central nervous system 
stimulation at several sites,’ one 
might wonder why REM-related ar- 
rhythmias are not commonly ob- 
served. _ 


J. E. JORDAN, MD 

Dept of Medicine 

Div of Neurology 

Univ of Texas Health Science 
Center at San Antonio 

T. GRICE, CMET 

EEG Laboratory 

Neurology Section 

Medical Service 

Audie L. Murphy VA Hospital 

San Antonio, TX 78284 
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Sleep and ventricular premature beats. Circula- 
tion 48:691-701, 1973. 
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Dysphagia in Parkinsonism 


To the Editor._As many as 95% of 
patients with Parkinson disease have 
some difficulty with swallowing, but 
few actually complain of that disabili- 
ty.'* Palmer’ believes that dysphagia 
in parkinsonism is almost always 
caused by “classical cricopharyngeal 
achalasia” and recommends posterior 
cricopharyngeal sphincterotomy; he 
reports never having seen pulmonary 
regurgitative problems following this 
procedure. However, no single cause 
of dysphagia in Parkinson disease is 
generally accepted. 


Report of a Case.—A 73-year-old man 
came to Barnes Hospital with a complaint 
of several months of dysphagia and severe 
weight loss. Cine-esophagoscopy revealed 
aspiration of about one half of the barium 
swallowed, minimal glottal movement, 
retention of barium in the hypopharynx, 
and diminished peristalsis in the lower 





third of the esophagus. The stigmata of 
Parkinson disease were noted; the patient 
was given levodopa plus carbidopa (Sine- 
met). Subjective improvement in swallow- 
ing and increase in intake were quickly 
noted along with amelioration of the clas- 
sical disabilities of Parkinson disease. 
Repeat cine-esophagoscopy showed im- 
proved glottal movement and aspiration of 
only a very small quantity of the swallowed 
barium, although a considerable amount of 
barium was still retained in the hypophar- 
ynx. Weight on admission was 42.0 kg; six 
weeks after discharge the patient weighed 
45.5 kg and said he was eating “everything 
I can get my hands on.” 


Dysphagia can be a manifestation 
of Parkinson disease and may im- 
prove with medication. 


W. J. Nowack, MD 

J. M. HATELID 

R. S. Sonn, MD 

Dept of Neurology and 
Neurological Surgery 

Washington Univ School of 
Medicine 

St Louis, MO 63110 
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On the Origin of the Craniopharyngioma, 
or How a Career Can Get Into a Cul-de-Sac 


Martin Rathke, Sigmund Freud— 

Think of the fame that the latter enjoyed. 
Sigmund survives all the efforts to step on him; 
Martin’s forgotten except for an eponym. 
Freud pervades the whole curriculum; 

Rathke’s lost in a diverticulum. 


The moral is clear: (may I be pedagogical?) 
You cannot find fame in the embryological. 
I don’t say that Rathke was a slouch, 

But the couch is mightier than the pouch. 


Davip GoLpBLATT, MD 
Rochester, NY 
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EEG Correlations With 
Biochemical Abnormalities 
in Reye’s Syndrome 


To the Editor.—The recent article by 
Trauner et al (Arch Neurol 34:116, 
1977) on EEG correlation with serum 
short-chain fatty acids in Reye’s 
syndrome raised a possibility that the 
severity of the encephalopathy and 
associated EEG abnormalities in 
Reye’s syndrome may be partly the 
result of organic acid effects on the 
CNS. They concluded the article by 
encouraging other investigators to 
continuously monitor EEG in a series 
of patients with Reye’s syndrome in 
order to fully study the effects of 
biochemical abnormalities on the KEG 
pattern. In view of the evidence for 
increased intracranial pressure sec- 
ondary to cerebral edema being the 
major contributing factor to death in 
Reye’s syndrome’’ and the improve- 
ment both clinically and on EEG with 
control of the pressure,’ the question 
is raised whether the improvement in 
EEG mentioned in the article by 
Trauner et al was a reflexion of the 
change in short-chain fatty acids or 
intracranial pressure. This study also 
raises some serious questions about 
the efficacy of exchange transfusions 


Book Reviews 


Epileptology, edited by Dieter Janz, 440 pp, 383 
illus, $24, Thieme Edition/Publishing Sciences 
Group Inc, 1977. 


This book presents the subject 
matter of the Seventh International 
Symposium on Epilepsy held in Berlin 
in June 1975. Two themes are empha- 
sized: treatment and rehabilitation of 
outpatients with epilepsy and new 
methods and techniques in epileptol- 
ogy. The editor acknowledges that 
there is not complete agreement on 
the use of the term “epileptology,” but 
states his conviction that this is the 
best comprehensive term for the 
variety of topics discussed in this 
symposium. He defines “epileptology” 
as covering the theory of formation, 
appearance, course, and treatment of 
epileptic fits and illness. 

Epidemiologic data are presented in 
several initial reports. One paper is 
specifically addressed to the difficult- 
to-define population of epileptics who 
do not seek medical consultation for 
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if serum short-chain fatty acids are 
the cause of the encephalopathy. As 
the authors pointed out, there was a 
tenfold increase in the serum con- 
centration of the fatty acids after 
exchange transfusion. In any event, 
their findings are intriguing and I 
agree that further studies with EKG, 
intracranial pressure, and biochemical 
abnormalities being measured contin- 
uously during all modes of therapy are 
needed to help understand this devas- 
tating disease. 


G. Homes, MD 

Dept of Neurology 

Univ of Virginia Med Center 
Charlottesville, VA 22901 
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In Reply.—Dr Holmes’ letter points 
out the continuing dilemma in at- 
tempts to define etiological agents in 
Reye’s syndrome; many abnormalities 
occur simultaneously, and causal rela- 


their illness or who do so in a sporadic 
fashion. Questions about the natural 
history of the epilepsies are consid- 
ered in a variety of interesting ways. 
Some examples include a study of 
prognosis in absence seizures, a genet- 
ic approach to the Lennox-Gastaut 
syndrome, and a consideration of 
brain biopsy as a potential cause of an 
irritative EEG focus or focal seizures. 
The concept of an “alternative psycho- 
sis” developing in epileptics whose 
seizures become controlled and whose 
EEGs improve is discussed. Some 
views of epilepsy from the vantage of 
the patient as well as that of society 
are covered in other presentations. 
Drug therapy and pharmacology 
are considered in a variety of ways, 
with emphasis placed on newer drugs 
such as clonazepam and valproate 
sodium. Studies of older medications 
such as the metabolism and excretion 
of '‘C-primidone in epileptic patients 
are also described. The difficult deci- 


tionships are difficult to establish. It 
is possible that correction of increased 
intracranial pressure and changes in 
short-chain fatty acids are interre- 
lated as well. In fact, preliminary data 
from our laboratory suggest that 
short-chain fatty acids may produce 
pericapillary brain edema in experi- 
mental animals (D. A. Trauner and 
J. de la Torre, unpublished observa- 
tions). 

The role of exchange transfusion in 
Reye’s syndrome is also somewhat 
tenuous. The fact that short-chain 
fatty acid concentrations may actually 
be increased by this procedure sug- 
gests to us, as to Dr Holmes, that the 
role of transfusion in this disorder 
should be reevaluated. 


D. A. TRAUNER, MD 
Dept of Pediatrics 
Univ of Chicago 
Chicago, IL 60637 
J. J. SrockarD, MD 
Dept of Neurology 
Mayo Clinic 
Rochester, MN 55901 
L. SWEETMAN, PHD 
Dept of Pediatrics 
Univ of California 
at San Diego 
La Jolla, CA 92093 


sion about discontinuation of antiepi- 
leptic drug therapy in patients who 
have become seizure free is specifi- 
cally discussed in one paper. The 
crucial concerns of documentation of 
clinical data and appropriate record- 
ing of such information are recog- 
nized in a number of presentations. 
Examples using computer storage are 
cited in several papers. 

Special diagnostic techniques are 
discussed in other presentations and 
include such topics as computerized 
tomography, special EEG analysis 
techniques, and the use of cortical 
somatosensoric evoked potentials to 
localize the focus in symptomatic 
epilepsy. Several concluding papers 
deal specifically with analytic 
techniques for monitoring antiepilep- 


- tie drug levels. 


This volume includes a great variety 
of interesting, timely, and useful 
material. A good mixture of both the 
practical and theoretical is presented. 
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Each of the topics presented is 
completed by a useful list of ref- 
erences. The editor adds a concluding 
thought to go with the enthusiasm for 
discovery and treatment that comes 
with a reading of this book when he 


states that epileptology is properly | 


discussed only “if we take into account 
the significance for the patient of 
having epilepsy as well as the desire of 
the helper to treat this epilepsy suita- 
bly.” This is a valuable book for 
neurologists and neuroscientists who 
will find a wide variety of authorita- 
tive presentations concerned with epi- 
lepsy. 

R. W. Fincoam, MD 

Iowa City 


Epileptic Seizures—Behaviour—Pain, edited by 
W. Birkmayer, 372 pp, $29.50, University Park 
Press, 1976. 

The odd title of this book suggests a 
hodge-podge of unrelated contribu- 
tions; actually these conference pro- 
ceedings concern the use of carbama- 
zepine (Tegretol) in the treatment of 
seizure, behavior disorders, and pain 
syndromes. The participants at this St 
Moritz conference were predominate- 
ly from the German-speaking coun- 
tries of central Europe, with a sprin- 
kling from France, England, Spain, 
and Sweden. The New World was 
represented by individuals from the 
United States (Penry), Mexico, and 
Brazil. The presentations were in 
several languages and most of the 
discussion was in German, but the 
proceedings have been completely 
translated into English. 

Much basic information about car- 
bamazepine is presented. The serum 
half-life in normal subjects always 
exceeds 30 hours; epileptics receiving 
long-term treatment, however, me- 
tabolize carbamazepine more rapidly, 
necessitating at least twice daily 
dosage. The marked interindividual 
variation in oral dosage required to 
reach a given blood level emphasizes 
the clinical values of serum carbama- 
zepine determinations. Several stud- 
ies have defined a group of patients 
with focal or with temporal lobe 
epilepsy who remain completely sei- 
zure free with only carbamazepine 
treatment as long as the serum level is 
between 4 and 10 ug/ml. Whenever 
the level falls below 2 ug/ml, presum- 
ably due to poor compliance, one or 
more clinical seizures occur. 

While pharmacological data easily 
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pass international boundaries, the 
practice of clinical medicine varies 
greatly from one nation to another. 
The continental Europeans at this 
conference spent considerable time 
discussing the mental changes seen in 
epileptics between seizures; not many 
North American clinicians accept an 
“epileptic mood disorder” as a disease 
entity. The problem of hyperactive 
school-aged children occurs in Europe 
also, but the term “minimal brain 
dysfunction” is never used by any 
conference participant. Treatment of 
this syndrome with carbamazepine 
has been attempted, but the results 
are equivocal. When comparing carba- 
mazepine to other modes of treatment 
for seizures, pain, or behavioral prob- 
lems, these European physicians can 
utilize many drugs not available in the 
United States. 

This book contains valuable infor- 
mation on the use of carbamazepine to 
treat temporal lobe and focal seizures 
and to treat pain syndromes such as 
trigeminal neuralgia. The translation 
for these discussions from the German 
opens a window on neurological medi- 
cine in continental Europe for En- 
glish-speaking clinicians and scien- 
tists. 

FRANK R. FREEMON, MD 
Nashville, Tenn 


Multiple Sclerosis in Asia (Proceedings of the 
Asian Multiple Sclerosis Workshop, March 13-14, 
1975, Tokyo) by Yoshigoro Kuroiwa, 274 pp, 
University Park Press, 1976. 

Despite extensive virologic and im- 
munologic research, a precise under- 
standing of the etiology of multiple 
sclerosis continues to elude us. The 
peculiar epidemiologic characteristics 
of this disorder have long been consid- 
ered to potentially contain a vital clue 
to its etiopathogenesis. In this book, 
one such epidemiologic peculiarity is 
discussed in detail—namely, the lower 
incidence and somewhat atypical clin- 
ical presentation of multiple sclerosis 
in Japan and other Asian nations. 

The book consists of a collection of 
papers presented in 1975 at the Asian 
Multiple Sclerosis Workshop in Tokyo. 
The first two thirds of the papers are 
devoted primarily to detailing the 
clinical and pathological features of 
patients studied in various Asian 
nations. The remainder of the papers 
include studies of experimental aller- 
gic encephalomyelitis in the Orient 
and concise reviews of the general 
epidemiology of multiple sclerosis and 





its relationship to viral and genetic 
studies. 

This book will be of interest primar- 
ily to those having a special interest in 
the epidemiology of multiple sclerosis. 
While it cannot be recommended to 
the neurological clinician for addition 
to his personal library, the sections on 
epidemiology and its relationship to 
viral and genetic studies are worth- 
while reading as a brief overview of 
recent progress in these areas. 

ROBERT L. Ropnitzky, MD 
Department of Neurology 
University Hospitals 
Iowa City, IA 52242 


Progress in Neuropathology, vol 3, by H. M. 
Zimmerman, 495 pp, $45, Grune & Stratton Ine, 
1976. 

Fifteen chapters comprise this third 
volume of Progress in Neuropathol- 
ogy. Most of these stress pathogenesis 
of disease from the morphological 
viewpoint although several chapters 
present histochemical and enzymatic 
data, an innovative step beyond the 
first two volumes, which are prefaced 
by Dr Zimmerman. 

All of these chapters should be 
welcome to the teachers and re- 
searchers of human neurological dis- 
ease. Chapters that respectively dis- 
cuss such subjects as the origin of 
brain macrophages, the lesions of the 
“dying-back” neuropathies, the mor- 
phological changes of cells infected 
with measles virus, experimental al- 
lergic encephalomyelitis, neuronal 
storage diseases, and the neuronal 
ceroid-lipofuscinoses all accomplish an 
effective up-to-date summary of their 
subject and provide us with a work- 
able bibliography. Many of these and 
other chapters amalgamate and sum- 
marize their subjects for the first 
time. Most of the work presented is 
slanted toward the authors’ research, 
which is to be expected as these 
authors were obviously chosen as 
contributors to this volume on the 
basis of their leading and authorita- 
tive research in their respective 
areas. 

It is regrettable that some other 
subjects such as brain anoxia-ischemia 
and inflammatory and congenital 
myopathies did not find their way into 
this volume, but it was not the inten- 
tion of Dr Zimmerman to be inclusive, 
and perhaps this gives us something 
to look forward to in volume 4. 

MICHAEL NoEL Hart, MD 
Iowa City 


Books 


The Neuropsychology ef Learning Disorders, by 
R. M. Knights and D. J. Bakker, 532 pp, with illus, 
$19.50, University Park Press, 1976. 


This book reports the proceedings 
of a North Atlantic Treaty Organiza- 
tion (NATO) conference on the neu- 
ropsychology of learning disorders, 
which was held in Denmark in June 
1975. The 30 papers that were 
presented are grouped under the fol- 
lowing headings: epidemiology and 
social implications, physiological and 
biochemical correlates, genetic and 
maturational variables, hemispheric 
cerebral dominance, perceptual fac- 
tors, implications of drug studies, and 
research strategies and models. The 
papers are generally of good quality 
and, taken in their totality, they 
provide a comprehensive overview of 
the present state of knowledge in this 
field. The contributions that this 
reviewer found to be particularly 
useful and informative were Yule and 
Rutter’s analysis of the nature of 
specific reading disability and the 
factors determining its prevalence, 
Witelson on interhemispheric rela- 
tions in dyslexic children, Shankweiler 
and Liberman on the relations be- 
tween speech and reading, Tallal on 
the role of auditory perception in 
language development, and Spreen’s 
thoughtful discussion of the entire 
field and its problems. 

ARTHUR L. BENTON, PHD 
Iowa City 


Head Injuries: Proceedings of the Second Chicago 
Symposium on Neuro-Trauma, edited by Robert L. 
McLaurin, 301 pp, Grune & Stratton, 1976. 


This is a multiauthored book 
amounting to 301 pages and compiled 
from papers presented at the second 
Chicago Symposium on Neuro-Trau- 
ma. The numerous contributions are 
primarily aimed toward the patho- 
physiology of the CNS response. to 
trauma. The book is organized into 
major sections consisting of (1) prog- 
nostic consideration in injury, (2) 
blood brain barrier, (8) respiratory 
pathophysiology, (4) cerebral microcir- 
culation, and (5) pressure volume rela- 
tionships. 

The authors are well versed in their 
individual subjects and are well 
known from their extensive experi- 
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mental work on the topics that they 
discuss. Many of the authors have 
contributed multiple manuscripts to 
this book. The majority of the mate- 
rial has a strong physiological basis, 
and thereby excellent reviews of the 
respiratory effects on CNS circulation 
and cellular activity, review of the 
blood brain barrier, and cerebral 
microvascular responses may be found 
within this volume. 

There is an attempt to correlate 
laboratory data, both historic and 
current, with the clinical responses of 
the traumatized patient. In spite of 
the voluminous amount of basic data 
presented, there is a persisting con- 
troversy in terms of the application of 
this knowledge to the treatment of 
such patients. These controversies are 
reviewed and, of necessity, no dogma 
can be provided. 

Because the book is a compilation of 
multiple-author data, it suffers from a 
certain degree of duplication and 
overlap. The discussions following 
each major topic compensate in some 
instances for this overlap. However, in 
general, the discussions do not synthe- 
size and review the previous data efh- 
ciently to give the reader a compact 
review of the data. 

The book may well serve as a refer- 
ence source for investigations on the 
effect of trauma, in the broadest 
sense of the word, to the CNS. It also, 
in some instances, serves to bring up 
to date studies on the cerebral circula- 
tion as related to trauma, subarach- 
noid hemorrhage, and other insults to 
the system. 

The book is recommended to those 
who wish to pursue the basic patho- 
physiology of trauma to the CNS. 

BENNETT M. STEIN, MD 
Boston 


Manual of Electroneuromyography, ed 2, by 
Hyman L. Cohen and Joel Brumlik, 179 pp, 179 
illus, $13.95, Harper & Row Publishers Ine, 
1976. 


This book is divided into five 
sections: electroneuromyography 
(ENM), nerve stimulation studies, 
electromyography, _ electrodiagnosis, 
and illustrative case reports. The first 
chapter is a general introduction to 
the EMG laboratory, while the next 
three chapters deal with technical 





aspects of performing the tests. The 
last chapter, which occupies nearly 
half of the book, is devoted to clinical 
examples of representative neurolog- 
ical disorders. Each example consists 
of a brief summary of history, phys- 
ical findings, pertinent laboratory 
findings, and ENM data with their 
interpretation. A short section is in- 
cluded in which unknowns are pre- 
sented for reader evaluation. Only 
typical neurological entities are pre- 
sented and the interpretation of the 
electrical testing is relatively 
straightforward. 

There are a few confusing and 
erroneous statements. Although in the 
past, the term “electrodiagnosis” has 
been used for the determination of 
nerve degeneration specifically by 
faradic and galvanic currents, that 
usage is now obsolete since the tech- 
nique is outmoded. The description of 
the Martin-Gruber anastomosis is 
incorrect. The most common motor 
communication in the forearm is from 
the median to ulnar nerve (fibers 
forming part of the median nerve 
trunk leave it in the forearm and join 
the ulnar nerve proximal to the wrist) 
and not from the ulnar to median 
nerve. The organization and content 
of each section otherwise are adequate 
and references are up to date. Useful 
simplification of electrodiagnostic 
data will make this book easy to 
comprehend, even for the relative 
novice. 

The book is most suited for instruct- 
ing physicians in the actual day-to- 
day use of the techniques. It provides 
concise, step-by-step descriptions of 
the procedures, illustrative photo- 
graphs and diagrams of electrode 
placement and stimulation points, ex- 
amples of common pitfalls, and stan- 
dard procedures for computation and 
reporting of results. The book is 
complementary to other texts avail- 
able at this time and serves as a useful 
manual for electrical testing of nerves 
and muscles. It is recommended to the 
physician who has had some training 
in this field, but finds himself in need 
of a quick and practical review. 

JuN Kimura, MD 
Iowa City 
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News and Comment 


New Journal for Neurosurgeons.— 
Neurosurgery, a bimonthly journal, 
will appear in July 1977. It is owned 
and sponsored by the Congress of 
Neurological Surgeons, Inc, and will 
be published by Williams & Wilkins 
Co. Robert H. Wilkins, MD, of Duke 
University Medical Center, Durham, 
NC, is the Editor. 


AED-QC Program.—The Epilepsy 
Foundation of America, in coopera- 
tion with the Department of Neurol- 
ogy, Columbia University College of 
Physicians and Surgeons, has estab- 
lished a voluntary quality control 
program for laboratories routinely 
performing antiepileptic drug level 
determinations. The Antiepileptic 
Drug-Quality Control (AED-QC) Pro- 
gram was established as a result of a 
survey of clinical laboratories that 
revealed unacceptable interlaboratory 
variability for this procedure (Arch 
Neurol 33:351-355, 1976). 

The AED-QC Program is designed 
to help each laboratory evaluate and 
improve its performance. Three serum 
samples containing known amounts of 
various antiepileptic drugs are sent to 
each laboratory monthly. The drug 
contents of the samples reflect situa- 
tions commonly found in clinical prac- 
tice. The laboratories analyze the 
samples and report the amount of 
each antiepileptic drug determined. 
They are then immediately informed 
of the actual amount of each drug in 
the samples in order to know if they 
are within control. All laboratories are 
also sent monthly a computer-gener- 
ated chart showing their reported 
values in relation to the true values 
and to those reported by the other 
participating laboratories (Newrology 
26:342, 1976). If the laboratories’ 
results differ significantly from the 
actual amount in the samples, they 
may obtain technical assistance from 
the AED-QC Program to improve 
their performance. No fee is charged 
for participation in the program. 

Laboratories who wish to join the 
program or desire additional informa- 
tion should contact Charles E. Pippen- 
ger, PhD, Department of Neurology, 
College of Physicians and Surgeons, 
Columbia University, 710 W 168th St, 
New York, NY 10082; telephone (212) 
694-3661. 
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Alzheimer Disease-Senile Dementia.— 
The National Institute of Neurolog- 
ical and Communicative Disorders 
and Stroke, the National Institute on 
Aging, and the National Institute of 
Mental Health announce a workshop- 
conference on Alzheimer disease- 
senile dementia and related disorders 
to be held June 6 through 9, 1977, in 
the Masur Auditorium, Clinical Cen- 
ter, National Institutes of Health, 
Bethesda, Md. For additional infor- 
mation, conference registration, and 
hotel reservations contact Dr Kather- 
ine L. Bick, NINCDS, 710 Federal 
Building, 7550 Wisconsin Ave, Bethes- 
da, MD 20014. 


International Symposium on the 
Mechanisms of Action of Antiepileptic 
Drugs.—An international symposium 
on the “Mechanisms of Action of 
Antiepileptic Drugs” will be held Nov 
17 through 19, 1977, in St Louis. It is 
sponsored by the National Institute of 
Neurological and Communicative Dis- 
orders and Stroke and the National 
Institutes of Health Epilepsy Advi- 
sory Committee. Participants from 
throughout the world will present a 
state of the art review of their 
research on the mechanisms of antiep- 
ileptic drug effects. For further infor- 
mation, symposium registration, and 
hotel information, direct inquiries to 
Mechanisms of Action AED Sympo- 
sium, Epilepsy Branch, NINCDS, 
NIH, Federal Building, Room 114, 
Bethesda, MD 20014. 


Congress of Neurological Surgeons 
Officers.-The Congress of Neurolog- 
ical Surgeons elected the following 
officers at its recent annual meeting: 
President, Bruce F. Sorensen, MD; 
President-Elect, Albert L. Rhoton, Jr, 
MD; Vice-President, William A. Buch- 
heit, MD; Secretary, David L. Kelly, 
Jr, MD; and Treasurer, J. Fletcher 
Lee, MD. 


William G. Lennox Postdoctoral Fel- 
lowship.—The American Epilepsy So- 
ciety and the Board of Trustees of the 
William G. Lennox Fund are pleased 
to announce that the second one-year 
postdoctoral fellowship of $15,000 will 
be awarded July 1, 1977, to Dr J effrey 
L. Noebels. Dr Noebels graduated 
from the French Baccaulaureat pro- 


gram, International School of Geneva, 
Switzerland, in 1968. His BA in Physi- 
ological Psychology was awarded by 
Reed College in 1972. His PhD in 
Neurological Science was awarded by 
Stanford University in 1976, with a 
thesis entitled “Pathophysiology of 
Repetitive Spike Electrogenesis at 
Nerve Terminals.” He has written six 
scientific publications describing the 
results of this research on the mech- 
anisms of experimental epilepsy. His 
long-range goal is to develop a 
suitable genetic model in the mutant 
mouse for the study of inherited 
seizure disorders. He is pursuing 
training in neuroresearch techniques 
under the direction of Dr Richard L. 
Sidman, Department of Neuropathol- 
ogy, Harvard Medical School, and 
Department of Neuroscience, The 
Children’s Hospital Medical Center, 
Boston. 


Virology, Immunology, and Pathology 
Training Program.—A training pro- 
gram sponsored by the National Insti- 
tutes of Health for postdoctoral 
fellows in virology, immunology, and 
pathology of nervous system diseases 
is available at the Neurology Research 
Laboratory, Veterans Administration 
Hospital, San Francisco, CA 94121. 
Interested individuals should contact 
Dr J. Richard Baringer or Kenneth P. 
Johnson at (415) 752-0223. 


Neurological Epidemiology Course 
and Conference.—Georgetown Univer- 
sity and the National Institute of 
Neurological and Communicative Dis- 
orders and Stroke are jointly sponsor- 
ing a course on neurological epidemi- 
ology to be held May 15, 1977, followed 
by a two-day conference (May 16 and 
17) that will consider current knowl- 
edge in neuroepidemiology and its 
applicability to the practice of neurol- 
ogy and neurosurgery. All meetings 
will be held in the Gorman Auditorium 
of Georgetown University Hospital. 
There are no registration fees. For 
further information contact Dr Bruce 
Schoenberg, Program Director, 
NINCDS, Room 7C10, Federal Build- 
ing, 7550 Wisconsin Ave, Bethesda, 
Md 20014. 


American Academy of Neurological 
Surgery.—The new officers of the 
Academy are William H. Sweet, Pres- 
ident; Arthur A. Ward, Jr, President- 
Elect; Robert S. Knighton, Vice-Presi- 
dent; Phanor L. Perot, Secretary; and 
John T. Garner, Treasurer. 
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A committee has been 
appointed to recommend a 
highly qualified nominee for 
the position of Chief of 
Neurology at the Massa- 
chusetts General Hospital 
and Bullard Professor of 
Neurology at the Harvard 
Medical School. Individuals 
competent in clinical neuro- 
logy, teaching and research 
are invited to submit a letter 
of application, a curriculum 
vitae and list of publications 
to the Office of the Director, 
Massachusetts General 
Hospital, Boston, Massa- 
chusetts 02114. 
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Mind, Brain, and Consciousness 
A Study in the Neuropsychology of Cognition 
By JASON BROWN 


A Volume in the PERSPECTIVES IN NEUROLINGUISTICS 
AND PSYCHOLINGUISTICS Series 


This theoretical integration of experimental work in 
neuropsychology presents a brain model of cognition, 
understood as going beyond ideation to include per- 
ceptual, motor, effective, and linguistic components of 
mental function. The assumption that pathological 
symptoms result from the dissolution (destructuration) 
of normal mental systems allows the former to serve 
as a key to the understanding of the latter. The book 
discusses language, action, perception, thought and 
ieee affect, consciousness and volition, and crea- 
tivity. 

1977, 200 pp., $12.50/£8.85 ISBN: 0-12-137550-1 


Lateralization in the Nervous 


System 
Edited by STEVAN R. HARNAD 


Co-Editors: Robert W. Doty, Leonide Goldstein, 
Julian Jaynes,. George Krauthamer 


This book exhaustively surveys what is currently 
known about differences in function between the two 
sides of the brain. The approach is comparative and 
phylogenetic. Beginning with molluscs and crayfish 
and working up through vertebrate nervous systems of 
amphibians, songbirds, mammals and primates to man, 
this volume examines the embryology and inheritance 
of asymmetry, the underlying mechanisms of functional 
lateralization, the neocortical commissures and inter- 
hemispheric relations, cerebral dominance in non- 
numan species, turning tendencies and lateral bias in 
attention, perception and cognitive mode, scalp elec- 
trographic indicators of lateralization in animals and 
man, and anatomical asymmetry of the brain. 

1976, 472 pp., $21.50/£15.25 ISBN: 0-12-325750-6 


Studies in Neurolinguistics, volume 3 


Edited by HAIGANOOSH WHITAKER and 
HARRY A. WHITAKER 


A Volume in the PERSPECTIVES IN NEUROLINGUISTICS 
AND PSYCHOLINGUISTICS Series 
CONTENTS: F. Boller et al., Comprehension in Apha- 
sia. M. Paradis, Bilingualism and Aphasia. E. Green 
and D. Howes, The Nature of Conduction Aphasia. 
J. Lamendella, The Limbic System in Human Commu- 
nication. C. Hardyck, Individua! Differences in Hemi- 
spheric Functioning. J. Marshall and F. Newcombe, 
Variability and Constraint in Acquired Dyslexia. R. Levy, 
Cerebral Asymmetries Preceding Speech. 
1977, about 300 pp., in preparation ISBN: 0-12-746303-8 


Send payment with order and save postage plus 50¢ handling 
charge. Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Please send me the following: 
——.copies, Brown: Mind, Brain, and Consciousness 
——copies, Harnad: Lateralization in the Nervous System 


——copies, Whitaker/Whitaker: Studies in Neurolinguistics, 
Volume 3 


NAME 
ADDRESS 
CITY/STATE/ZIP 


New York residents please add sales tax. 


Direct all orders to Mr. Paul Negri, Media Dept. ArchN/5/77 














TABLETS: 0.5 mg, 1 mg, 2 mg INJECTION: 1.0 mg/ml 


COGENTIN 


(BENZTROPINE MESYLATE| MSD) 


highly effective against 
phenothiazine-induced 
extrapyramidal symptoms 


(except tardive dyskinesia) 


often permits needed chemotherapy to continue by controlling 
drug-induced extrapyramidal manifestations such as: tremor, akathisia, 
motor restlessness, muscular rigidity, drooling, dystonic reactions. 


In some patients, however, the phenothiazine dosage may have to be 
reduced or discontinued. After one or two weeks, COGENTIN 
should be withdrawn to determine the continued need for it. 


When given concomitantly with phenothiazines or other drugs with 
anticholinergic activity, patients should be advised to report 
gastrointestinal complaints promptly; paralytic ileus, sometimes 
fatal, has occurred in patients taking anticholinergic-type 
antiparkinsonism drugs, including COGENTIN, in combination 
with phenothiazines and/or tricyclic antidepressants. 


Contraindications: Children under three years of age; use cautiously in older children. 


Warnings: Safe use in pregnancy not established. May impair mental and/or physical abilities required 
for performance of hazardous tasks, such as operating machinery or driving a motor vehicle. When given 
concomitantly with phenothiazines or other drugs with anticholinergic activity, patients should be ad- 
vised to report gastrointestinal complaints promptly; paralytic ileus, sometimes fatal, has occurred in pa- 
tients taking anticholinergic-type antiparkinsonism drugs, including COGENTIN, in combination with 
phenothiazines and/or tricyclic antidepressants. 


Precautions: Because of cumulative action, continued supervision is advisable. Closely observe patients 
with tendencies to tachycardia and those with prostatic hypertrophy. Dysuria may occur, but rarely 
becomes a problem. Large doses may cause complaints of weakness and inability to move particular 
muscle groups, requiring dosage adjustment. 

Mental confusion and excitement may occur with large doses, or in susceptible patients; visual hallucina- 
tions reported occasionally. May intensify mental symptoms when used to treat extrapyramidal disorders 
due to neuroleptic drugs (e.g., phenothiazines) in patients with mental disorders; in such patients, increased 


doses of antiparkinsonian drugs can precipitate toxic psychosis; observe patients carefully, especially at the — 


beginning of treatment or if dosage is increased. Tardive dyskinesia may appear in some patients on long- 
term therapy with phenothiazines and related agents, or may occur after therapy with these drugs has been 
discontinued; antiparkinsonism agents do not alleviate symptoms of tardive dyskinesia, and in some in- 
stances may aggravate them. COGENTIN is not recommended in tardive dyskinesia. 

May produce anhidrosis; give with caution during hot weather, especially to the old, the chronically ill, 
the alcoholic, those who have central nervous system disease, those who do manual labor in a hot en- 
vironment, and those with disturbances in sweating. If anhidrosis appears, reduce dosage so that ability 
to maintain body heat equilibrium is not impaired. Occurrence of glaucoma is a possibility; probably 
should not be used in angle-closure glaucoma. 


Adverse Reactions: Adverse reactions may be anticholinergic or antihistaminic. Dry mouth, blurred vi- 

sion, nausea, nervousness may develop. If dry mouth causes difficulty in swallowing or speaking, or loss 

of appetite and weight, reduce dosage, or discontinue drug temporarily. Vomiting occurs infrequently and 

may be controlled by temporary discontinuation, followed by resumption at a lower dosage. Constipation, 

numbness of the fingers, listlessness, and depression may develop. Occasionally, an allergic reaction, 

oh skin rash, develops; sometimes this can be controlled by reducing dosage, but occasionally requires 
iscontinuation. 


Note: Large doses generally cannot be tolerated by older patients and thin patients. Patients with a poor 
mental outlook are usually poor candidates for therapy. Do not terminate other antiparkinsonism agents 
abruptly; reduce gradually. When benztropine mesylate is used with levodopa the usual dose of each may 
need to be reduced. 


How Supplied: Tablets in three strengths: 0.5 mg and 1 mg benztropine mesylate in bottles of 100, 2 mg 
benztropine mesylate in bottles of 100 and 1000, and 1 mg and 2 mg in single-unit packages of 100; In- 
jection, in 2-ml ampuls, containing per ml: 1.0 mg benztropine mesylate, 9.0 mg sodium chloride, and 


water for injection q.s. MSD 
For more detailed information, consult your MSO representative or see full a aor 


prescribing information. Merck Sharp & Dohme, Division of Merck & Co., INC., West 
Point, Pa. 19486 





Facts about dosage 
schedules of 

COGENTIN 

(Benztropine Mesylate | MSD) 


In treating extrapyramidal symp- 
toms due to neuroleptic drugs, such 
as phenothiazines and butyro- 
phenones, the recommended dosage 
of COGENTIN is 1 to 4 mg once or 
twice a day orally or parenterally. 
Dosage must be individualized 
according to the need of the patient. 
Some patients require more than 
recommended; others do not need 
as much. The tablet form should 

be used when patients are able to 
take oral medication. 


When extrapyramidal symptoms 
develop soon after initiation of 
treatment with neuroleptic drugs, 
they are likely to be transient. One to 
2 mg COGENTIN orally two or three 
times a day usually provides relief 
within one or two days. After one 

or two weeks, COGENTIN should 

be withdrawn to determine the 
continued need for it. If symptoms 
recur, COGENTIN can be 
reinstituted. 

Certain extrapyramidal disorders 
that develop slowly may not respond 
to COGENTIN. COGENTIN is not 
recommended in tardive dyskinesia. 
For more detailed information, 

see full prescribing information. 


The schools don’t like to get 
involved with medication for MBD 
-and now they don’t have to 
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Importance of Cylert (pemoline) single daily dosage 
to the child, the parents and the teacher 


For the child For the adults Cylert offers these benefits in 

No drug in child’s pos- Control of medication 4 treatment program for MBD 

session while at school *— remains with parents e Single daily dose administration 

Avoids situation in Obviates need for ey 

which child is repeat- teacher or nurse to ° Minimal cardiovascular effects 

edly singled out as eae supervise taking of esas a] di : 

being “different” mid-day doses ean dosage in long-term studies J 
remained remarkably constant 

Helps prevent possible Helps assure that the 

variations in effect prescribed dosage is e Can be taken with breakfast 


caused by missed, for- being given each day 


gotten or delayed doses 


Cylert 


dosage Is once-a-day, given to 
the child at home by the parent 
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Cylert, alone among CNS stimulants used to treat MBD, 
is inherently long-acting, permitting once-daily dosage 


Dosage 
and administration 


Cylert is given as a single oral 
dose each morning. 

The recommended starting 
dose is 37.5 mg. per day. This 
daily dosage should be grad- 
ually increased at one-week 
intervals using increments of 
18.75 mg. until the desired 
clinical response is obtained. 

The mean daily effective 
dose ranges from 56.25 to 


75 mg. per day. The maximum 
recommended daily dose of 
Cylert is 112.5 mg. 

Using the recommended 
schedule of dose titration, 
significant benefits may not be 
seen until the third or fourth 
week of drug therapy. Side 
effects may be seen prior to 
optimum clinical results. 


When not to use Cylert 


Cylert should not be used for 
(and will not be effective in) 


simple cases of overactivity in 
school age children. 

Neither should it be used in 
the child who exhibits symp- 
toms secondary to environ- 
mental factors and/or primary 
psychiatric disorders, including 
psychosis. 

The physician should rely on 
a complete history of the child 
and a thorough description of 
symptoms from both parents 
and teacher before postula- 
ting a diagnosis of MBD. E) 





Cylert 


(pemoline) @& 


Prescribing Information 


Description: Cylert (pemoline) is a 
white, tasteless, odorless powder which is 
relatively insoluble (less than 1 mg/ml) 
in water, chloroform, ether, acetone, 

and benzene. In 95% ethyl alcohol, the 
solubility of pemoline is 2.2 mg/ml. 


Actions: Cylert (pemoline) is a central 
nervous system stimulant. The pharma- 
cologic activity of pemoline is similar to 
that of other known stimulants but with 
minimal sympathomimetic effects. 
Pemoline is structurally dissimilar from 
the amphetamines and methylphenidate. 
Although the exact mode of pharmaco- 
dynamic action is undetermined in man, 
pemoline has been reported to increase the 
rate of synthesis of dopamine in rat brain. 

In human subjects, Cylert produces peak 
blood levels within 2-4 hours. The serum 
half-life is approximately 12 hours. Mul- 
tiple dose studies in adults at several dose 
levels indicate that serum levels plateau in 
approximately three days. Cylert and its 
metabolites are primarily excreted by the 
kidneys with approximately 75% of an 
oral dose appearing in the urine within a 
24-hour period. Approximately 43% of 
pemoline is excreted unchanged. Metabo- 
lites include pemoline dione, conjugated 
pemoline and mandelic acid. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain dys- 
function. Using the recommended sched- 
ule of dosage titration, significant clinical 
benefit may not be evident until the third 
or fourth week of drug administration. 


Indications: MINIMAL BRAIN DYS- 
FUNCTION IN CHILDREN-as adjunc- 
tive therapy to other remedial measures 
(psychological, educational, social). 


Special Diagnostic Considerations: 
Specific etiology of minimal brain dysfunc- 
tion (MBD) is unknown, and there is no 
single diagnostic test. Adequate diagnosis 
includes the use not only of medical but of 
psychological, educational, and social 
resources. 

Characteristics commonly reported 
include: A chronic history of moderate to 
severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) neuro- 
logical signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based 
upon a complete history and evaluation of 
the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational place- 
ment is essential and psychosocial interven- 
tion is generally necessary. When these 
measures alone are insufficient, the decision 
to prescribe stimulant medication will 
depend upon the physician’s assessment of 
the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 


Pe ey 


New dosage form available! 
Cylert Chewable Tablets 


37.5 mg. 


primary psychiatric disorders, including 
psychosis. 


Contraindication: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the 
drug. (See PRECAUTIONS) 


Warnings: Cylert is not recommended 
for children under six years of age since 
safety and efficacy in this age group have 
not yet been established. 

Since Cylert (pemoline) and its metabo- 
lites are excreted primarily by the kidneys, 
caution should be observed in administer- 
ing the drug to children with significantly 
impaired renal function. 

Sufficient data on safety and efficacy of 
Cylert administration for periods beyond 
two years duration in children with minimal 
brain dysfunction are not yet available. 
Although a definite causal relationship 
has not been established, some temporary 
suppression of predicted growth pattern(i.e., 
weight and/or height) has been reported 
with the long-term use of stimulants in 
children. Therefore, patients requiring long- 
term therapy should be carefully monitored. 


Drug Interactions: Interactions be- 
tween Cylert and other drugs have not 
been studied in humans. As with most 
other drugs, concurrent administration 
with other agents, especially drugs with 
central nervous system activity, should be 
carefully monitored. 


Usage in Pregnancy: Safety for use in 
pregnancy has not been established. Stan- 
dard studiesof fertility, teratology and repro- 
duction were conducted in rats and rabbits. 
Daily oral doses of pemoline of 18.75 

and 37.5 mg/kg beginning at conception 
produced no abnormalities in the fetuses 
and did not affect viability at birth. Further 
studies using similar dose levels with drug 
administration beginning 14 days before 
conception demonstrated an increased 
incidence of stillbirths in these animals. 


Drug Dependence: Studies of the 

drug abuse potential of Cylert (pemoline) 
in primates have not demonstrated a 
potential for self-administration. However, 
the pharmacologic similarities between 
Cylert and other CNS stimulants with 
known abuse liability suggest that drug 
dependence of the stimulant type might 
occur. There have been isolated reports of 
transient psychotic symptoms in adults 
following long-term misuse of pemoline 
taken orally in excessive quantities. There- 
fore, caution should be observed in emo- 
tionally unstable patients considered to 
have a psychological potential for drug 
dependence. 


Precautions: Delayed hypersensitivity 
reactions involving the liver have been 
reported in 1-2% of the patients receiving 
Cylert usually after several months of 
therapy. No clinical symptomatology has 
been observed, but mild to moderate 


increases in transaminase (SGOT and 
SGPT) levels have occurred in these 

cases, These effects appear to be com- 
pletely reversible when drug treatment is 
discontinued. Transaminase levels should 
be determined periodically during therapy 
with Cylert to detect any such reactions. 


Adverse Reactions: The most fre- 
quently reported adverse reaction with 
Cylert is insomnia. Insomnia has been 
observed prior to optimum therapeutic 
response and in the majority of cases was 
transient in nature or responded to dosage 
reduction. Anorexia with weight loss during 
the first few weeks of therapy has also been 
reported. With continuing therapy, a re- 
turn to a normal weight curve usually 
occurred within three to six months. Other 
adverse reactions reported include stomach- 
ache, skin rash, irritability, mild depression, 
nausea, dizziness, headache, drowsiness, 
and hallucinations. Mild adverse reactions 
appearing early in treatment often remit 
with continuing therapy. If adverse 
reactions are of a significant or protracted 
nature, dosage reduction or discontinua- 
tion should be considered. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. The recommended 
starting dose is 37.5 mg per day. This daily 
dosage should be gradually increased at 
one week intervals using increments of 
18.75 mg until the desired clinical response 
is obtained. The mean daily effective dose 
ranges from 56.25 to 75 mg per day. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administra- 
tion should be interrupted occasionally to 
determine if behavioral symptoms sufficient 
to require continuing therapy recur. 


Overdosage: Cylert overdosage has 
been reported to produce symptoms of 
tachycardia, hallucinations, agitation, or 
restlessness. The treatment of acute massive 
overdosage with pemoline is essentially the 
same as that for overdosage with any drug 
having CNS stimulatory effects. Manage- 
ment is largely symptomatic and may 
include induction of emesis, gastric 

lavage or other measures as appropriate. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles 
of 100 (NDC 0074-6073-13) 

New Dosage Form: 6083144R 


Cylert Chewable Tablets 37.5 mg. 
(orange-colored, grooved) in bottles gma 
of 100 (NDC 0074-6088-13) 
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—an illustrated course, under the general editorship of 


PHILIP E. DUFFY, MD. 


Professor and Director, Division of Neuropathology, Department of Pathology, 
College of Physicians and Surgeons of Columbia University 


Perhaps you already know about the first three units in this course. Altogether 
they encompass a broad range of knowledge on basic clinical neuropathology 
that you can review in minimal time. Each unit covers a major subject in depth. 
It includes a printed text, audio cassette of the actual lecture and 35 mm 
transparencies. Slides include gross and microscopic pathology, electron 
microscopy, tissue culture and histochemistry. The units are designed so that 





[C] HAYS: Vascular Diseases of the 
Central Nervous System $85 N ame —————_ mmm[m[m[Ľ[Ľ[Ľ[ĽmĽmnmnm 
[C] WILLSON: Infections of the Nervous System $75 
D The first three units in the series, also available: Address eee 
[C] COWEN: The Cells of Neural Tissue and 
their Pathologic Reactions $85 City, State, Zip ————_—_—————————————— 


each may be studied independently. 


DISEASES OF MYELIN 
by RICHARD DEFENDINI, MD, Associate Professor, College of Physicians and Surgeons of Columbia University 


A thorough discussion of diseases involving central 
myelin in which the myelin sheath is the sole or primary 
target tissue of the pathologic process. The diseases are 
classified into three major groups: acquired, inborn 


metabolic and those of uncertain etiology. The 51 slides 
include 7 of encephalomyelitis, 15 of multiple sclerosis, 
16 of leukodystrophy and 5 of spongy degeneration. 

51 slides. $75 


VASCULAR DISEASES OF THE CENTRAL NERVOUS SYSTEM 
by ARTHUR P. HAYS, MD, Assistant Professor, College of Physicians and Surgeons of Columbia University 


There are two parts to this unit. The first deals with the 
pathology of infarction of the brain due to underlying 
diseases of blood vessels such as atherosclerosis, arte- 
riolar disease, cerebral embolisms and the various forms 
of arteritis. The second part deals with cerebrovascular 


INFECTIONS OF THE NERVOUS SYSTEM 


diseases manifested as hemorrhage, whether within the 
brain substance or in the surrounding subarachnoid 
space, and the various conditions likely to cause hemor- 
rhage, such as aneurysms, arteriovenous malformations 
and hypertension. 69 slides. $85 


by NICHOLAS WILLSON, MD, Assistant Professor, College of Physicians and Surgeons of Columbia University 


A variety of bacteria, fungi, metazoa, protozoa, rickettsia 
and viruses can invade the nervous system and develop 
into infection. The author concentrates his discussion on 
the neuropathologic changes that are typical of infectious 
diseases as a group—mentioning specific infections when 


they illustrate a particular type of pathology. The 72 
slides include micrographs of osteomyelitis, vertebral 
tuberculosis, encephalomalacia, cryptococcal leptomen- 
ingitis, aspergillosis, brain abscess, leprosy, herpes sim- 
plex encephalitis, rabies. 72 slides. $75 


F. A. DAVIS COMPANY/PUBLISHERS 


1915 Arch St., Philadelphia, PA 19103 


In Canada: McGraw-Hill Ryerson, Ltd., Scarborough, Ontario M1P2Z5 


——--—---------------------- ORDER DIRECT FROM PUBLISHER ————————————————————-————————— 


Please rush me the following: 


go KIM: Degenerative Diseases 


n a a ir nel 


of the Nervous System $100 Bill me. Payment is due in 30 days. Invoice will include small charge for 
; postage and handling. If not satisfactory, book may be returned in good 
yi DUFFY: Tumors of the Nervous System $180 condition within 30 days. 


F. A. DAVIS COMPANY 


ARNS-77 


410 
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GUEST FACULTY: 
Robert G. Ojemann, M.D. 
Russell H. Patterson, M.D. 
Leonard L. Malis, M.D. 
Charles B. Wilson, M.D. 
Anthony J. Raimondi, M.D. 
M. Stephen Mahaley, M.D. 
Jules Hardy, M.D. 
John McCrary, M.D. 
Robert Luken, M.D. 
Bernard Aron, M.D. 
Kenneth Earle, M.D. 
COURSE DIRECTORS: 
J. Garber Galbraith, M.D. 
Edward F. Downing, M.D. 
John M. Tew, M.D. 


LIMITED TO 150 FEE, $250.00 
18 Hours — Category 1 A.M.A. Credit 






















The Department of Ophthalmology 
of the 
University of lowa 
announces an 
International Workshop 
in 
NEURO-OPHTHALMOLOGY 
with sessions on 
Frisén, Sweden 
Thompson, lowa City 
Glaser, Miami 


Daroff, Miami 
Sanders, London 










PERIMETRY 
PUPILS 

OPTIC DISC & VER 
EYE MOVEMENTS 
CT SCANNING 










in 
IOWA CITY, IOWA 
November 10-12, 1977 
Organized by H. Stanley Thompson, M.D. in collaboration with 
many others, among them: Drs. Alper, Anderson, Bell, Bourgon, 
Burde, Corbett, Dell’Osso, Grimson, Hayreh, Hedin, Loewenfeld, 
Miller, Moseley, Meek, Ossoinig, Purcell, Regan, Robinson, 
Schatz, Trokel, Troost, Tso, Van Allen, Zee. 










For more information write: Director of Conferences 
lowa Memorial Union 
The University of lowa 

lowa City, lowa, 52242 







HILTON HEAD ISLAND NEUROSURGICAL SYMPOSIA 
PRESENTS A COMPREHENSIVE SYMPOSIUM 


BRAIN TUMORS 


Palmetto Dunes, Hyatt Resort Hotel, Hilton Head Island, South Carolina 
August 3-7, 1977 












SUBJECTS TO BE COVERED: 


Pituitary Tumors 
Craniopharyngiomas 
Meningiomas 
Gliomas 
Intraventricular Tumors 
Metastatic Tumors 
Chemotherapy 
Radiation Therapy 
Neuroradiology of Brain Tumors 
Computed Tomography of Brain Tumors 
Neurosurgical Techniques 


For Information, Write To: 

Hilton Head Island Neurological Symposia 
4 Jackson Boulevard 

Savannah, Georgia 31405 





Neurologists & Psychiatrists 


The Food and Drug Administration’s Bureau of 
Drugs has Civil Service or Commissioned Corps 
openings for Neurologists and Psychiatrists as 
leaders of multidisciplinary teams reviewing New 
Drug Applications (NDA’s) and Notices of Claimed 
investigational Exemptions for New Drugs (IND’s). 
Salaries ranged from $35,431 to $39,600 per year 
(GS-14’s and 15's). Salary for those appointed as 
Commissioned Officers may exceed $39,600 de- 
pending upon qualifications and bonuses for which 
eligible. 

Qualifications Required: U. S. citizenship; Doctor of 
Medicine, degree from a U. S. or Canadian medical 
school approved by AMA, or Doctor of Osteopathy 
from a school approved by AOA. Permanent, full 
unrestricted license to practice in any state, D. C., 
Puerto Rico, or U. S. Territory is desirable. Grad- 
uates of foreign or non-AMA approved schools must 
have (1) license to practice as above, or (2) one year 
on active duty as Medical Officer in the U. S. Armed 
Forced or Public Health Service, or (3) American 
Specialty Board certification, or (4) permanent 
certification by the Education Council for Foreign 
Medical Graduates via examination. All positions 
require sound judgment, ability to plan and 
organize effort, and effectiveness in writing, speak- 
ing, and interpersonal skills. 

Send resume, or inquiries, to Ms. Cynthia Nelson, 
Food and Drug Administration, 5600 Fishers Lane, 
Division of Personnel Management (HFA-400), 
Room 4B-44, Rockville, Maryland 20857. The Food 
and Drug Administration is an equal opportunity 
employer. 
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model CR-8 
features 


> m 


| 266666 B 
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a new eeg data storage system which uses 
standard cassettes * cassettes prove to be: 
e the most economical form of long term 
data storage 
e the only way to store data with 
subsequent real-time reproduction for 
enhanced visual and computer analysis 
e an excellent educational resource 
the fully automatic CR-8 includes voice and event 
marking capabilities e dataquard’ circuits assure 
fidelity ° for prices and specifications, write 


MEDICAL STRUMENTS 


#5787376 QUINCY, MASS. 02169 e U.S.A. 


Why Endep makes 
with amitriptyline HC 


Hypothetical 30-day course of Endep therapy for a 120 lb. 35-year old woman. 


150 mg 


100 mg 





50 mg 


Half-dose adjustments b.s., depending on progress or side effects. 
le 


Because therapeutic levels of amitriptyline vary greatly from patient 
to patient, reaching the optimal dose requires careful titration. 
Endep (amitriptyline HCI) greatly facilitates this process because 
it is the only tricyclic with which you can adjust dosage by 

f half-tablet increments or decrements 
according to the therapeutic response 


Ee an . and/or side effects. 
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tration 
more practical: 


Flexibility promotes optimal response and economy 
pO 








The wide range of six different tablet strengths —from 10 mg to 
150 mg—permits you to prescribe the strength best suited for the individual patiem 
Because you won t need a new Rx, you can save your patient the cost of an 
(ee prescription fee. And, by prescribing the daily dose at bedtime, you can 
prescribe the higher strength at the outset and help the patient economize on the 
prescription price per milligram. 


d 


Scored tablets obviate need for new Rx 
SE E EL EAEE EEE SS SG aoe 


Half-tablet dosage adjustments with Endep (amitriptyline HCI) 
are possible because every tablet is scored. You can prescribe a single strength 
and still bave the advantage of adjusting dosage without resorting to a new Rx. 





7 amitriptyline Se Roche 


The half-strength advantage 


Before prescribing, please consult complete product information, a summary of which appears on the following page. 


Practicality is 
a fundamental fact 


w 


about Endep 
amitriptyline HC] 


50 mg 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 
and those receiving thyroid medications. 
(Arrhythmias, sinus tachycardia and 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline 
HCI, especially in high doses. Myocardial 7 
infarction and stroke reported with use 100 mg 
of this class of drugs.) May impair alertness; warn against 
dous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 
pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended inchildren under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 

adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvynol; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 
pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 
ards of electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue drug several 
days before elective surgery. Both elevation and lowering 
of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 
requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular. 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 
penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 
anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorrhea in the female, increased or decreased libido, 
elevation and lowering of blood sugar levels. 


Every tablet of 
Endep (amitriptyline HCl) 
is scored for precise, 
convenient adjustment 
of dosage. 





Half-tablet adjustment 
of dosage does not require 
a new Rx. 


C O OC 


Single daily b.s. dosage 
promotes compliance and 
economy. 


Compliance with 
practical regimen promotes 
optimal response. 


Before prescribing, pleaseconsult complete 
product information, a summary of which 
follows: 


Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. 


Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 


Roche 


10 mg & 
| : = f 4 
Other: Dizziness, 


weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
7, These are not indicative of addiction. 


< Dosage: Initiate at low levels, 
increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients —25 mg t.i.d.; may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate—50 to 100 mg 
b.s., gradually increasing b.s. dose up to 150 mg/day. 
Hospitalized Patients—Up to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 











75 mg 






150 mg 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg b.id. to q.i.d., or 10 mgq.id. Continue maintenance 
therapy 3 months or longer to avoid relapse. 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets —bottles of 100 and 500; 
Tel-E-Dose® packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 





the 


epileptic map 


Regular anticonvulsant Samh ve 
blood level measurements i 
let you map the patient's therapeutic 


response and adjust drug dosage before 
breakthrough seizures or toxicity 
symptoms occur. Hundreds of clinical 
laboratories are now equipped to 
perform fast, accurate and reproducible 
phenytoin, phenobarbital, primidone, 
ethosuximide and carbamazepine 

blood level measurements on 
“fingerstick” samples by 

EMIT” AED Assay... 


an important 





application of Syvas powerful 
enzyme immunoassay technology. 

The EMIT AED Flow Chart simplifies 
plotting of assay results to identify 
blood level trends and adjust 
anticonvulsant dosage before problems 
occur. If a supply of these charts 

and a comprehensive brochure 

on the use of anticonvulsant 

blood levels in the management 

of epilepsy are not available 

from your clinical 

laboratory representative, 

contact Syva. 


Syva 


3181 Porter Drive 
Palo Alto, CA 94304 
415-493-2200 


Emit is a registered trademark of Syva, Palo Alto, California. 
No license is granted, either express or implied under any Syva Company patent 
by purchase or lease, except as specifically provided for in writing. 
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s22ing misraine: 
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true p 
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Specific vascular changes are 
revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates 
the unilateral surface temperature changes reflective 
of the dilation of deep cerebral arteries during a 
migraine attack. Liquid crystals allow differences 

in skin temperature to be “mapped” directly on the 
subject. Variations in skin heat loss are registered 
immediately, enabling rapid temperature changes to 
be followed easily. (Red reflects the coolest temperature, 
then green, blue, and violet.) 

This picture was taken of a migraine sufferer during an 
attack. The colors over the left eye reflect the cooler 
skin temperature due to the unilateral decreased 

blood flow to the forehead skin vessels that results 
from dilation of cerebral vessels on the affected side. 





S 4 fi th Contraindications: Peripheral vascular disease, coronary heart disease, 
peci 1C eCrapy hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


for migraine Precautions: Although signs and symptoms of ergotism rarely develop 


even after long term intermittent use of the orally or rectally administered 


S drugs, care should be exercised to remain within the limits of 
comp icate y recommended dosage. 
Adverse Reactions: Numbness and tingling of fingers and toes, muscle 


tension and G.I. upset pains in the extremities, weakness in the legs, precordial distress 


and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


The combined vasoconstrictive actions of ergotamine and caffeine Adult Dosage: Orally_—Two tablets at first sign of attack; if needed, 1 


offer the best therapeutic results in helping to abort or relieve additional tablet every half hour until relieved (maximum, 6 per attack or 
the migraine headache. Additionally, belladonna alkaloids 10 per week). Recta/ly—One suppository as early as possible in attack; 
i ; A Si. ai i second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 
help relieve the accompanying gastrointestinal irritability. And sa ee 
pad ss ah a Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
the patient’s nervous tension, perhaps a precipitating factor in cyanosis of the extremities associated with diminished or absent 
the onset of an attack, is often allayed by the pentobarbital in peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
i convulsions and shock. A case has been reported of reversible bilateral 
Cafergot P-B. papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 
control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., may be used with benefit but caution must be exercised to 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) avoid aggravating an already existent hypotension. 
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U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as for full product information. 

malates) 0.25 mg.; pentobarbital, N.F., (Warning: May be habit forming) 
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and theobroma oil, U.S.P. Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ 75-311 
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Å strength especially suited 
for psychiatric practice 


Especially suited for certain outpatients 
eel 


Endep (amitriptyline HCI) 
150 mg is particularly useful as a 
single h.s. dose in outpatients gail 
requiring the maximum daily dose of 150 mg 
amitriptyline during therapy. The scored tablet 
ensures that the dose can be readily cut in half should 
side effects become clinically significant. Bis cost of a prescription of 150-mg tablets 
is considerably lower than that of the milligram equivalent supplied by lower strength 
tablets, for instance, for those patients who require 75 mg daily as maintenance, 
prescribing one-half of the 150-mg scored tablet can result in significant savings. 






Especially suited for certain inpatients 







A single daily tablet of 150-mg Endep may become 
the most widely used strength of amitriptyline for the treat- 
ment of depressed inpatients. Two such tablets constitute the 
BSA maximum daily dose of amitriptyline for hospitalized patients. 
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~ The low number of tablets required one lessens the chance 


of error and also considerably lowers the overall cost of medication. 


_ New Endep 150-mg 
amitriptyline HCI/ 24, he Bs i tablets 


Before prescribing, please see following page for a summary of product information. 





Practicality is 
a fundamental fact 


about Endep 
amitriptyline HCI Roche 


50 mg 


Every tablet of 
Endep (amitriptyline HCI) 
is scored for precise, 
convenient adjustment 
of dosage. 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 

and those receiving thyroid medications. sai 
(Arrhythmias, sinus tachycardia and 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline : 
HCI, especially in high doses. Myocardial 
infarction and stroke reported with use 


Half-tablet adjustment 
of dosage does not require 
a new Rx. 


Gd @ OC 


Single daily h.s. dosage 
promotes compliance and 
economy. 


100 mg 


of this class of drugs.) May impair alertness; warn against 
hazardous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 
pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended inchildren under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 
dose adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvynol; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 
pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 
ards of electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue drug several 
days before elective surgery. Both elevation and lowering 
of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 
requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular: 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 
penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 
anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorthea in the female, increased or decreased libido, 
elevation and lowering of blood sugar levels. 


Compliance with 
practical regimen promotes 
optimal response. 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 


Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. . 


Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 





10 mg & 





25 mg 





Other: Dizziness, 
weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
These are not indicative of addiction. 


_ Dosage: Initiate at low levels, 
increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients—25 mg t.i.d., may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate —50 to 100 mg 
b.s., gradually increasing b.s. dose up to 150 mg/day. 
Hospitalized Patients —Up to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 
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75 mg 





150 mg 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg b.i.d. to q.i.d., or 10 mg q.id. Continue maintenance 
therapy 3 months or longer to avoid relapse. 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets —bottles of 100 and 500; 
Tel-E-Dose* packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 

Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 

Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punetua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 

Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 

Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author, (2) title, (3) journal name (as abbreviated in Index 
Medicus), (4) volume number, (5) inelusive page numbers, 
and (6) year, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, 
and (7) year. Volume and edition numbers, specific pages, 
and name of translator should be included when appro- 
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priate. The author is responsible for the accuracy and 
completeness of the references and for their correct text 
citation. 

Metrication.—A]] measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVEs will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents._A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 em 
(8'2 x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 
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The vulnerable 


ages ; The first epileptic seizure 


is most likely to occur 
during early childhood and 
at der onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,! and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 162 : 





Mysoline A ee for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!:34 and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.6 


Change to Mysoline when other anticonvulsants fail — 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenyl hydantoin.’ 
Ayerst. 


Mysoline 


Tablets 250 mg. 


(primidone) oraz 


May be the start of a 
batter life for the epileptic 


See following page of advertisement for prescribing information. 7538 











Mysoline (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 


grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE” Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS :Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 

When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the following have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINE and toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 












lst Week 2nd Week 


250 mg. daily at bedtime 250 mg. b.i.d. 


3rd Week 4th Week 
250 mg. t.i.d. 250 mg. q.i.d. 


In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 





In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 


other drug(s) is maintained or gradually decreased. This regi- 


men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
e for initiation of combination therapy 
e during “transfer” therapy 
* for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures (menstruation, 
allergic episodes, holidays, etc. ) 


HOW SUPPLIED: MYSOLINE Tablets — No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000. Alsoin unit dose package of 100. No. 431 — Each 
tablet contains 50 mg. of primidone (scored), in bottles of 100 
and 500. MYSOLINE Suspension —No. 3850 —Each 5 cc. (tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 
I11., Charles C Thomas, 1972, pp. 6, 7, 584. 2.Grossman, H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C.M.D. 37:49 ( Jan.) 1970. 5. Forster, 


F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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Spasticity & 
. the kid-next-doors 


tr umpet 





One neurologist states it this way: “our drug choices |in spasticity] are much 
like the choice you would have to make if the kid next door were playing 
trumpet, keeping you awake nights, and you wanted to do something about it. 
You could go to the police who would make the kid stop playing the trumpet 
altogether — that is like using a centrally active skeletal muscle relaxant. 

You could erect a sound barrier so the trumpet couldn’t be heard at all — that is 
like blocking at the myoneural junction. Or you can go over one night and 
you can mute his trumpet. If you mute his trumpet, then you can live with it 
and he can play his trumpet. And maybe that’s what is happening when we 


use drugs that work on the final expression of this abnormal muscle state? * 


*S pasticity — theories and therapy. 
Presented at a symposium entitled 
Pharmacologic Agents for the Treatment of Spasticity, 


April 25, 1976, Toronto, Canada. The only dire ct-a cting 
skeletal muscle relaxant 


(eeen 


(dantrolene sodium) 
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ee ao 75mg 100mg 
PAS A Provides a more normal physiologic base 


“\ è 
& Manati, Puerto Rico 00701 for rehabilitation 
a subsidiary of 
Morton-Norwich Products, Inc. See brief summary on following page. 
Address medical inquiries to: 


Eaton Laboratories, Medical Department 
Norwich, New York 13815 











Dantrium (dantrolene sodium) Capsules 25 
Warning 


DANTRIUM (dantrolene sodium) has a potential for 
hepatotoxicity and should not be used in conditions other 
than those recommended. Fatal hepatitis has been 
reported in approximately 0.1 to 0.2% of patients who 
have taken Dantrium for 60 days or longer. Some cases of 
hepatitis were considered to be definitely drug-related, 
whereas others may have been due to other causes. 
Symptomatic hepatitis has been observed in approximately 
0.35 to 0.5% of patients who have taken Dantrium for 

60 days or longer. Liver dysfunction, as evidenced by 
blood chemical abnormalities alone, has been observed 
in approximately 0.7 to 1.0% ofall patients exposed to 


Dantrium for varying periods of time. Risk of hepatic 

injury appears to be greater in females, and in patients 

over 35 years of age. No serious hepatic ONR as yet 
or 


been reported in patients receiving the drug for less than 
60 days, although liver enzyme elevations have occurred. 

Dantrium should be used only in con “abba with 
appropriate monitoring of hepatic function including 
frequent determination of SGOT or SGPT. /F NO 
OBSERVABLE BENEFIT IS DERIVED FROM THE 
ADMINISTRATION OF DANTRIUM AFTER A TOTAL OF 
45 DAYS, THERAPY SHOULD BE DISCONTINUED. 

The lowest possible effective dose for the individual 
patient should be prescribed. 





Indications: Dantrium is indicated in controlling the manifesta- 
tions of clinical spasticity resulting from serious chronic 
disorders such as spinal cord injury, stroke, cerebral palsy, 
multiple sclerosis. Dantrium is not indicated in the treatment of 
skeletal muscle spasm resulting from rheumatic disorders. A 
decision to continue the administration of Dantrium on a 
long-term basis is justified if introduction of the drug into the 
patient's regimen: 

Produces a significant reduction in painful and/or disabling 
spasticity such as clonus, or permits a significant reduction in 
the intensity and/or degree of nursing care required or rids the 
patient of an annoying manifestation of spasticity considered 
important by the patient himself. /n view of the potential for liver 
damage in long-term Dantrium use, therapy should be stopped 
if benefits are not evident within 45 days. 

Contraindications: Active hepatic disease, such as acute 
hepatitis and active cirrhosis. Dantrium is also contraindicated 
where spasticity is utilized to sustain upright posture and ’ 
balance in locomotion or whenever spasticity is utilized to obtain 
or maintain increased function. f Ț 

Warnings: It is important to recognize that liver disorders, fatal 
and nonfatal, may occur with Dantrium therapy. . 

_ Subclinical or overt hepatitis accompanied by abnormalities 

in liver function tests (SGOT, SGPT) has occurred at varying times 
after initiation of Dantrium Daam Jaundice, with or without 
fever, may occur, with onset usually between the third and 

twelfth months of therapy. At the start of Dantrium therapy, it is 
desirable to do liver function studies (SGOT, SGPT, alkaline 
phosphatase, total bilirubin) for a baseline or to establish whether 
there is pre-existing liver disease. If baseline liver abnormalities 
existand are confirmed, there is a clear possibility that the 
potential for Dantrium hepatotoxicity could be enhanced, 
although such a possibility has not yet been established. 

Regular liver function studies (e.g. SGOT or SGPT) should be 
performed on patients taking Dantrium. If such studies reveal 
abnormal values, therapy should generally be discontinued. 

Only where benefits of the drug have been of major importance 

to the patient, should reinitiation or continuation of therapy be 

considered. Some patients have revealed a return to normal 

SORY values in the face of continued therapy while others 
ave not. 

If symptoms compatible with hepatitis, accompanied by 
abnormalities in liver function tests or jaundice appear, 
Dantrium should be discontinued. If caused by Dantrium and 
detected early, the abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was discontinued. 

Dantrium merany has been reinstituted in a few patients who 
have developed clinical and/or laboratory evidence of ; 
hepatocellular injury. If such reinstitution of therapy is done, it 
should be attempted only in patients who clearly need Dantrium 
and only after other previous symptoms and laboratory 
abnormalities have cleared. The patient should be hospitalized 
and the drug should be restarted in very small and gradually 
MORARE SOO Laboratory monitoring should be frequent and 
the drug should be withdrawn immediately if there is any 
indication of recurrent liver involvement. Some patients have 
reacted with unmistakable signs of liver abnormality upon 
administration of a challenge dose, while others have not. 

Dantrium should be used with particular caution in females 
and in patients over 35 years of age in view of apparent greater 
likelihood of drug-induced, potentially fatal, hepatocellular 
disease in these groups. 

Long-term safety and efficacy of Dantrium in humans have not 
been established. Chronic studies in rats, dogs and monkeys at 
dosages greater than 30 a aaay Be beehive growth or weight 
depression and signs of hepatopathy and possible occlusion 
nephropathy, all of which were reversible upon cessation of 
treatment. Sprague-Dawley female rats fed dantrolene sodium 
for 18 months at dosage levels of 15, 30 and 60 me/ke/day 
showed an increased incidence of benign and malignant 
mammary tumors compared with concurrent controls and, at 
the highest dosage, an increase in the incidence of hepatic 
lymphangiomas and hepatic angiosarcomas. These effects were 
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not seen in 2-2 year studies in rats of the Fischer 344 strain or 

in 2 year studies in mice of the HaM/ICR strain. Carcinogenici 

in humans cannot be fully excluded so that this possible risk o 
chronic administration must be weighed against the benefits 

of the drug (i.e., after a brief trial) for the individual patient. 

Usage in Pregnancy: The safety of Dantrium in women who are 
or who may become pregnant has not been established; hence it 
should be given only when the potential benefits have been 
weighed against possible hazard to mother and child. Dantrium 
should not be used in nursing mothers. 

Usage in Children: The safety of Dantrium in children under the 
age of 5 years has not been established. Because of the possibility 
that adverse effects of the drug could become apparent only 
after many years, a benefit-risk consideration of the long-term 
use of Dantrium is particularly important in pediatric patients. 
Drug Interactions: While a definite drug interaction with estrogen 
therapy has not yet been established, caution should be observed 
if the two drugs are to be given concomitantly. Hepatotoxicity 

has occurred more often in women over 35 years of age receiving 
concomitant estrogen therapy. 

Precautions: It should be used with caution in patients with 
impaired pulmonary function, in patients with impaired cardiac 
function due to myocardial disease, and in patients with a history 
of previous liver disease or dysfunction (See Warnings). Also, 
Dantrium may evoke a photosensitivity reaction. Patients should 
be cautioned against driving a motor vehicle or participating in 
hazardous occupations while taking Dantrium. Caution should 
be EnaA in the concomitant administration of tranquilizing 
agents. 

Adverse Reactions: The most frequently occurring side effects 
of Dantrium have been drowsiness, dizziness, weakness, general 
malaise, fatigue, and diarrhea. Other side effects according to 
system are: Gastrointestinal: Constipation, G.I. bleeding, anorexia, 
swallowing difficulty, gastric irritation, abdominal cramps; 
Hepatobiliary: Hepatitis (See Warnings); Neurologic: Speech 
disturbance. seizure, headache, lightheadedness, visual 
disturbance, diplopia, alteration of taste, insomnia; Cardiovascular: 
Tachycardia, erratic blood pressure, phlebitis; Psychiatric: 
Mental depression, mental confusion, increased nervousness; 
Urogenital: Increased urinary frequency, crystalluria, difficult 
erection, urinary incontinence and/or nocturia, difficult 

urination and/or urinary retention; Integumentary: Abnormal 

hair growth, acne-like rash, pruritus, urticaria, eczematoid 
eruption, sweating; Musculoskeletal: Myalgia, backache; 
Respiratory: Feeling of suffocation; Special Senses: Excessive 
tearing; Other: Chills and fever. 

Drowsiness, dizziness, weakness, general malaise and fatigue 
are generally transient, occurring early in treatment and can 
often be obviated by beginning with a lower dose and increasing 
dosage gradually until an optimal regimen is established. 
Diarrhea may be severe and may necessitate temporary with- 
drawal of Dantrium therapy. If diarrhea recurs upon readministra- 
tion of Dantrium, therapy should probably be withdrawn 

ermanently. 
sage: The complete prescribing information on dosage and 
administration should be consulted before initiating therapy. It 
is important that the dosage be titrated and individualized for 
maximum effect. The lowest dose compatible with optimal 
response is recommended. | 

In view of the potential for liver damage in long-term Dantrium 
use, therapy should be stopped if benefits are not evident 
within 45 days. i eh 
Adults: Begin therapy with 25 mg once daily; increase to 25 mg 
two, three or four times daily and then by increments of 25 mg up 
to as high as 100 mg two, three, or four times daily if necessary. 
An occasional patient will require up to 200 mg four times daily. 

Each dosage level should be maintained for four to seven days 
to determine the patient's response. The dose should not be 
increased beyond, and may even have to be reduced to, the 
amount at which the patient received maximal benefit without 
adverse effects. oY 
Children: A similar approach should be utilized, starting with 1.0 
mg/kg of body weight once daily; this is increased to 1. mg/kg 
two, three, or four times daily and then by increments of 0.5 mg/kg 
up to as high as 3.0 mg/kg two, three, or four times daily if 
necessary. Doses higher than 100 mg four times daily should not 
be used in children. 

Overdosage: General supportive measures should be employed 
along with immediate gastric lavage. For further information 
see package insert. t 

How Supplied: Dantrium is available in: I 25 mg opaque orange 
and light brown capsules (coded “Eaton 030" in black), supplied 
in bottles of 100, 500 and unit dose 100's; li 50 mg opaque 
orange and dark brown capsules (coded “Eaton 031” in white), 
supplied in bottles of 100; I 75 mg opaque orange capsules 
(coded “Eaton 032” in black), supplied in bottles of 100; 

@ 100 mg opaque orange and light brown capsules (coded 
“Eaton 033” in white), supplied in bottles of 100 and unit 

dose 100's. 

For round-the-clock medical consultation on any Eaton 
product, phone Norwich, New York 607-335-2565. 


®Eaton Laboratories Inc. 
& Manati. Puerto Rico 00701 
Address medical inquiries to: 


a subsidiary of ; 
Morton-Norwich Products, Inc. 

Eaton Laboratories, Medical Department 

Norwich, New York 13815 































POSITION VACANCIES: Geo- 
graphic full time clinical neurolo- 
gist, and geographic full time 
clinical neurologist with EMG 
training and experience for 480 
bed inner city teaching hospital, a 
major associated Hospital to Rush 
Medical College. Residency pro- 
gram to be integrated with RMC. 
Competitive base salary for teach- 
ing and training responsibilities 
with additional income from Neu- 
rology Group practice already es- 
tablished adjacent to Hospital. 
Ideal opportunity for academic 
and practice growth. Contact 
LeRoy P. Levitt, M.D., Vice 
President for Medical Affairs, 
Mount Sinai Hospital Medical 
Center, California Avenue at 15th 
Street, Chicago, Illinois 60608, 
(312) 542-2526. 
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CLINICAL 
NEUROENDOCRIN 
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Fred Plum, MD, and Fletcher H. McDowell, MD, Editors-in-Chief 
New book / 385 pages / 150 illustrations / $30.00 


The authors have successfully presented the most current knowl- 
edge on neuroendocrinology — a subject that has undergone 
great advances in recent years. Today this information is impor- 
tant and productive for the study, and potentially for the treat- 
ment, of hypothalamic and pituitary disease. 

The knowledge has been accumulated step by step — the 
tangible result of numerous research, laboratory and clinical 
investigations. Many of the newer findings rest on a rigorous 
ultrastructural, biochemical and neurophysiological basis. 
Understandably, much of this information has so far been clos- 
eted in the primary research literature and remained out of 
reach to the practitioner. 

Now it is available — in convenient form and skillfully organ- 
ized to provide the optimal utility in diagnosing and managing 
disorders ensuing from malfunctions of the pituitary and hypo- 
thalamus. 


Contents 

Neuroendocrine transducers and neurosecretion 

Hypothalamic control of anterior pituitary secretion 

Neuropharmacology of anterior pituitary control 

Neural regulation of water and salt metabolism: 
physiological function and disease 

Neuroendocrinology of reproduction 

Regulation of prolacting secretion and its disorders 

Regulation of growth hormone secretion and its disorders 

Regulation of ACTH secretion and its disorders 

Regulation of TSH secretion and its disorders 

The pineal gland and other periventricular organs 

Neurologic manifestations of hypothalamic disease 

Effects of hormones on the brain 

Clinical approach to the diagnosis of hypothalamic-pituitary 
disease: neurologic and roentgenographic aspects 

Clinical approach to the diagnosis of hypothalamic-pituitary 
disease: endocrinologic aspects 

Management of hypothalamic-pituitary disease 

Special problems in hypothalamic-pituitary disease 


F. A. DAVIS COMPANY/PUBLISHERS 
1915 Arch Street, Philadelphia, PA 19103 
In Canada: McGraw-Hill Ryerson, Ltd. 


Scarborough, Ontario M1P2Z5 


me ny Seen oS ee oll ORDER DIRECT FROM PUBLISHER — — — — —" — 
F. A. Davis Co., 1915 Arch St., Philadelphia, PA 19103 


Send me the following books from your 
Contemporary Neurology Series: 


C) MARTIN, REICHLIN & BROWN: Clinical Neuroendocrinology .......... $30.00 
C] PLUM & POSNER: The Diagnosis of Stupor and Coma .................. $11.50 
(C) BERESFORD: Legal Aspects of Neurologic Practice ...........0.0..... $15.00 
(C) HORNABROOK: Topics in Tropical Neurology ...................:ccceseee. $35.00 


C) JOHNSON & SPALDING: Disorders of the Autonomic Nervous System $22.00 


Name 


aeee S 


Address poon a O SONO eee 


City, State. Zip 


Please bill me. Payment is due in 30 days. Invoice will include small charge for 
postage and handling. If book is unsatisfactory it may be returned in good con- 
dition within 30 days. 
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Scored tablets h.s. enhance compliance and tolerability 





Once you select the appropriate maintenance dose, you 
can prescribe a single tablet of Endep b.s. secure in the knowledge that 
you can adjust the dose by a half tablet without requiring the patient to 
obtain a new Rx. The simplicity of this b.s. schedule not only encourages 
compliance, but lessens the likelihood of anticholinergic and sedative side 


effects during daytime. 


Scored tablets b.s. reduce confusion 





Bedtime dosage means that the patient bas only one dose 
of Endep to remember, thus minimizing possible confusion with other 
medications taken concomitantly. The built-in flexibility of the scored tablet 
permits half-strength dosage adjustments without confusing the patient 
with a new color or size of medication. 


419 





ong-term maintenance 
ore practical: 


Scored tablets b.s. promote economy 





The economy of Endep (amitriptyline HCI) is particularly evident 
during long-term maintenance therapy, when your patient is purchasing refills of 
the single strength you have prescribed. The b.s. schedule enables you to prescribe 
a single strength in place of a more expensive multiple-dose prescription. The scored 
tablet permits you to adjust the regimen without putting the patient through the 
expense of a new prescription fee, without wasting tablets and without necessitating 
the purchase of more costly multiple-dose refills. 





amitriptyline HCI/ Roche 


The balf-strength advantage 


Before prescribing, please see following page for a summary of product information. 
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a Fundamental fact 
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about Endep 


amitriptyline HC] 


Every tablet of 
Endep (amitriptyline HCl) 
is scored for precise, 
convenient adjustment 
of dosage. 


Half-tablet adjustment 
of dosage does not require 
a new Rx. 
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Single daily h.s. dosage 
promotes compliance and 
economy. 


Compliance with 
practical regimen promotes 
optimal response. 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 


Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. 


Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 


50 mg 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 

and those receiving thyroid medications. ree 
(Arrhythmias, sinus tachycardia and 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline 

HCI, especially in high doses. Myocardial 
infarction and stroke reported with use 


100 mg 


of this class of drugs.) May impair alertness; warn against 
hazardous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 


pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended inchildren under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 
dose adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvyno!; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 
pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 
ards of electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue drug several 
days before elective surgery. Both elevation and lowering 
of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 
requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular: 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 
penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 
anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorrhea in the female, increased or decreased libido, 
elevation and lowering of blood sugar levels. 





Roche 


GS 
Other: Dizziness, 


weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
These are not indicative of addiction. 


_. Dosage: Initiate at low levels, 
increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients —25 mg t.i.d.; may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate —50 to 100 mg 
b.s., gradually increasing h.s. dose up to 150 mg/day. 
Hospitalized Patients—Up to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg b.i.d. to q.i.d., or 10 mg q.i.d. Continue maintenance 
therapy 3 months or longer to avoid relapse. à 











150 mg 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets—bottles of 100 and 500; 
Tel-E-Dose® packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


Microscopic Analysis The Department of Ophthalmology 
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by Ernst Philipp Eduard Bischoff : 
Translated and edited by Ernest Sachs, Jr., M.D. International Workshop 
and Eva W. Valtin in 


NEURO-OPHTHALMOLOGY 
with sessions on 
PERIMETRY Frisén, Sweden 
PUPILS Thompson, lowa City 
OPTIC DISC & VER Glaser, Miami 
EYE MOVEMENTS Daroff, Miami 
In 1863 Bischoff won a prize competition with CT SCANIUNG sanders, London 


this work, which was accompanied by 43 litho- In 

graphs and 109 meticulous reproductions of IOWA CITY, IOWA 

his dissections. Few copies of the limited edition 

remain. That great loss is now rectified with November 10-12, 1977 

publication of this unique English translation. Organized by H. Stanley Thompson, M.D. in collaboration with 
Contrary to current belief, Bischoff had demon- 

strated conclusively that there are, in fact, many many others, among them: Drs. Alper, Anderson, Bell, Bourgon, 
interconnections between the trigeminal, facial, Burde, Corbett, Dell’Osso, Grimson, Hayreh, Hedin, Loewenfeld, 
nervus intermedius, acoustico-vestibular com- Mil ae : 
plex,.alose-ohiatyngeal, vagus, spinal-accessory, iller, Moseley, Meek, Ossoinig, Purcell, Regan, Robinson, 


hypoglossal, and the upper three cervical nerves. Schatz, Trokel, Troost, Tso, Van Allen, Zee. 
Dr. Sachs adds a chapter explaining the work 


in light of modern knowledge about problems 


of atypical facial neuralgias and painful syn- For more information write: Director of Conferences 
dromes about the face, head, and neck. $13.50 lowa Memorial Union 


University Press of New England The University of lowa 
Box 979, Hanover, New Hampshire 03755 lowa City, lowa, 52242 


The new edition of the AMA’s 
DIRECTORY OF SELF-ASSESS- 
MENT PROGRAMS FOR PHY- 
SICIANS is now available. It lists 


Now programs sponsored by all major 
specialty societies, on 21 topics. 
1 i j Each program is listed by topic 
AAT Ps | e Mae and sponsor and includes sites 
and times of tests, content, for- 
The latest mat, time required, method of 
scoring, aids to learning, fees 
and whom to write. 


information eee 


of the Directory, 
on self _ ($1 ea.) write: Order 

Dept. OP-414, 

American Medical 


assessment Baars 
programs. Chicago, Ill. 60610. 








NOW AVAILAB 


1 DIVE 


The most comprehensive and current system 


available for naming, coding, and reporting 
medical procedures and services! 


Over 2,000 new and 

revised procedures-- 
the most comprehensive 
listing ever! 


Order your copy 
of CPT-4 today! 


Order Department S/J 


American Medical Association 
535 N. Dearborn St. 
Chicago, Illinois 60610 


Please send me copy(ies) of PHYSICIANS’ 
CURRENT PROCEDURAL TERMINOLOGY, 4th Edi- 
tion, OP-041-S2. ($12.00 per copy in U.S., U.S. Poss., 
Canada, and Mexico. $12.50 all other countries.) 


0O Send me information on CPT-4 magnetic com- 
puter tape versions. 


Please enclose payment (payable to AMA) with order. 
Please Print 

Name 

Address 


City/State/Zip 


@eeeeeeeeseeeeeeeeseeeeeseeeevneeeseeseeseeeeeeeeeseeeeeeee 
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Here’s why CPT-4 can be invaluable to you, 

your staff, and your practice 

e New updating service 

Easier, faster, more precise reporting 

A convenient medical reference tool 

More accurate record keeping ;} 
Reduced paperwork--giving you more time 

for patient care 


CPT provides a uniform coding system... 

to accurately designate medical, surgical, and 
diagnostic services in terms that provide a 
uniform language among physicians, patients, and 
third parties. Each procedure is listed 

individually with a clear description and five- 

digit identifying code. 


New CPT Updating Service available at no 
additional cost. To insure that your CPT stays 
up to date as new terminology is added, you 
can receive new and revised procedures on a 
regular basis. Updates are on self-adhering 
pages to be affixed to the pages they replace. 
Details in CPT-4 book. 
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Imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


* may help bring the world of the 
parkinsonian patient back into balance 





ERCK 
HM See last page of advertisement for brief summary of prescribing information. 


a combination of 
carbidopa and levodopa 





Sineme 


can mean a world of difference ` 
for some parkinsonian patients... 








Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 
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and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 Ssoinekecdope top ane 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, « hange the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 


SHARES See following page for brief summary of prescribing information 


Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiatin therapy. 
Contraindications: MAO inhibitors and SINEMET Poud not be 
iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocarc ial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMËT on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal tunction are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargy'ine, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suic idal tendencies, 
and dementia. Convulsions also have occurred; however, a Causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, inc reased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, Dered vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET ts 
basically he same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J6S102 R1 (DC 6834803) 





For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck Sharp HAR 
& Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486. ANTS 


T oe 


ae 


Original Contributions 


Pharmacological Prophylaxis 


in the Kindling Model of Epilepsy ` 


Juhn A. Wada; MD 


° Review of antiepileptic drug assess- 
ment to date by means of the kindling 
model of epilepsy suggests that it fills a 
gap that is evident in standard screening 
methods such as maximum electroshock 
or pentylenetetrazol screening tests. How- 


ever, In order to obtain a comprehensive. 


profile of antiepileptic drugs regarding 
prophylaxis of developing. seizures and 
treatment of - well-established seizures 
through the kindling preparation, it is 
desirable to have the. following: (1) stan- 
dardization ' of kindling techniques, (2) 


examination of drug effects on developing . 


as opposed to developed seizures, (3) use 
of a variety of animal species involving 
different functional brain sites, and (4) 
monitoring of plasma levels of the drug 
administered. It is envisaged that judi- 


cious use of the kindling preparation: 
- might also enable us to gain some insight 


into the mechanisms by which drugs 
produce their prophylactic or therapeutic 
(effect. |. 

(Arch Neurol 34:389-395, 1977) 


Accepted for publication Feb 15, 1977. 

From the Division of Neurological Science, 
Health Sciences Center Hospital, University of 
British Columbia, Vancouver, Canada. 

Read before the American Epilepsy Society, 
New York, Dec 8, 1975, 

Reprint requests to Division of Neurological 


Science, Health Sciences Center Hospital, Uni- - 


versity of British Columbia, 2075. Westbrook Pl, 


Vancouver, British Columbia, Canada ver 1W5 
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T the past, some E EA have 


advocated the use of appropriate 
drugs for the purpose of preventing 
the ‘development of’ epilepsy after 


‘head injury.’ On reviewing the liter- 
indeed find some -` 


ature, one can 
attempts at pharmacological preven- 
tion of seizure development after head 
injury. For example, Hoff and Hoff: 
reported on World War II veterans 
with head injuries who were randomly 
assigned to either a drug group with a 
daily dose of 200 mg of phenytoin or to 
a control group with no medication. In 
the first four years, epilepsy devel- 
oped in only 4% of the drug group, 
while 38% of the controls had convul- 
sion. Birkmeyer,® who-observed the 
same group, reported that 6%: of the 
drug group experienced seizures, com- 
pared with 51% of the controls. Similar 


attempts to prophylactically treat. 


head-injury patients. with a combina- 
tion of phenytoin and phenobarbital 
are reported to have resulted in`a 
significant reduction of clinical sei- 
zure development, although no plasma 
level monitoring was done.®” 
Against these encouraging reports, 
no prophylactic effect was reported on 


the development of early seizure after | 


craniocerebral trauma by administra- 
tion of 300 to 400 mg of phenytoin (or 
an alternate amount of -phenobarbi- 


design ` (double- blind), 





tal).* A critical appraisal of the state 
of the art by Rapport.and Penry’ 
suggests the necessity of further: 
investigation in order to establish the 


. optimal strategy for, the pharmacolog- 


ical prevention of posttraumatic epi- 
lepsy. In an attempt to replicate the 
promising report of the Czechoslova- 
kian prophylactic study, the US 
National Institute of Neurological and 
Communicative Diseases and Stroke 
launched | a study in Kansas City, Mo, 
with the use of a prophylactic dose of 
phenytoin (200 mg) and phenobarbital 
(64 mg), with a better experimental 
and ’ plasma 
drug level monitoring. Unfortunately, 


' the findings of this study have been 


reported to be equivocal at best.'° 
Although practical problems for the 
institution of pharmacological pro- 
phylaxis of seizure disorder exist, 
particularly when we lack precise 
technology to identify the degree of 


' predisposed seizure susceptibility in 


an individual,” effort must be contin- 
ued to evaluate prophylactic proper- 
ties of established and potential anti- 


epileptic drugs. In this regard, most of 
_ the past studies have been concerned 


with their effectiveness in the treat- 
ment of established convulsive sei- 
zures or of acutely induced convul- 
sions. Such data do not necessarily 
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apply to the often protracted pro- 
cesses of epileptic seizure develop- 
ment. 

In experimental ad studies, 
appropriate prophylactic drug treat- 
ment has been reported to suppress 
the development of posttraumatic 
audiogenic seizure in rats. Similar 
treatment has been reported to be 
effective in preventing the develop- 
ment of independent epileptiform 
ERG activity in the cortex contralat- 
eral to the original epileptogenic 
lesion created by cortical freezing or 
aluminum hydroxide application in 
guinea pigs. In spite of these early 
and encouraging reports, any compre- 
hensive experimental study that de- 
fines a profile of the available major 
` anticonvulsant agents for possible 
clinical use in terms of prophylactic 
capability has not been reported. One 
reason for this paucity of relevant 
studies in this area is a lack of appro- 
priate animal models. Needless to say, 
there is no substitute model of human 
epilepsy. However, if the scientific 
investigation of subhuman organisms 
is to be relevant to the problem of 
‘human epilepsy, it is only natural that 
the chosen model has to be a relevant 
and appropriate one for the study of 
human epilepsy. Among many experi- 
mental models, the alumina cream 
preparation appears to possess one of 
the most desirable features, since it 


develops a chronic recurrent sponta- . 


neous seizure state simulating that of 
human epilepsy. Our own experience 
with the alumina cream preparation 
has been worthwhile insofar as gain- 
ing some insight into the nature of the 
chronic epileptogenic brain process 
that appears to be characterized by 
the propagation of epileptogenicity in 
time and space.’*"© Obviously, the 
inevitable introduction of a destruc- 
tive pathologic condition i in an alumi- 
na cream model may be regarded as 
an attractive feature for the study of 


traumatic epilepsy. However, it does 


have serious drawbacks, particularly 
for the study of pharmacological 


prophylaxis, in that the investigator 


has no control over the chronology of 
seizuré development nor the intensity 
of epileptogenic activity to be created. 
Generally speaking, the ideal experi- 
mental model of epilepsy should meet 


390) Arch Neuro!l—Vo} 34, July 1977 


the following criteria: 

1. Precise experimental control 
over the anatomy in terms of the area 
as well as the size of the epileptogenic 


lesion to be created, without introduc- 
ing destructive pathologic conditions, 


2. Accurate experimental control 
over the chronology of seizure devel- 
opment, 

3. Ready precipitation of seizure by 
a discrete and identifiable so 
mental event, 

4, Eventual development of a spon- 
taneous recurrent seizure state mim- 
icking the previously established ictal 


pattern or status epilepticus, if not 


treated, and 
_ 6. Evidence of persistence, progres- 
sion (as demonstrated in 4), or remis- 
sion of the underlying pathophysiol- 
ogy in the model,.as in the case of 
some human epilepsies when un- 
treated. 


_ The kindling preparation originally | 


described by Goddard’? and Goddard 
et al, appears to meet these require- 
ments. Kindling refers to the phenom- 
enon of progressive electraclinical sei- 
zure development culminating in a 


generalized convulsive seizure after- 


repeated low intensity electrical brain 
stimulation. Although the phenom- 
enon was first systematically explored 
by Goddard, similar phenomena have 
been observed clinically and experi- 
mentally by a number of pesple in the 
past. To my knowledge, however, it 
was Watanabe” who described in 1986 
the development of spontaneous epi- 
leptic seizure and status epilepticus in 
dogs by chroniċ intermittent cortical 
electrical stimulation. Many observa- 
tions of this kind can be found in the 
literature, particularly in, the self- 
brain stimulation studies in a series of 
studies that appeared from Delgado’s 
Yale laboratory in the 1960s.?*-22 Long- 
lasting effects of human brain stimu- 
lation through implanted electrodes 
have been described by Heath et al’ 
and Stevens et al.” Similarly, reports 
of spontaneous epileptic seizure after 
repeated electroshock treatments in 
over 200 patients can be found in the 
literature.” 

In the kindling model, 
electrical stimulation of various 
limbic, extrapyramidal, thalamic, 
and cortical foci in lizards,” frogs,” 


repeated 


- rats;}®® rabbits,” cats, and subhu- 


man primates’*3°-3t gradually leads to 
the development of overt motor con- 
vulsion. The observation that recur- 
rent spontaneous clinical seizure can 
develop in kindled rats, cats,” 
baboons,™®: and rhesus monkeys” 
highlights the similarities of these 
preparations to certain characteristics 
of the human epilepsies. In the kin- 
dling preparation, the initiation, de- 


, velopment, and maintenance of elec- 


trographic afterdischarge (AD) and 
clinical seizures can be brought under 
experimental control rather more eas- 
ily than “the Žar more variable chronic . 
epileptogenic lesion which exerts its 
effect in its own good time and to its 
own individual degree’’* in the alumi- 
na cream preparation. Therefore, the 
kindling preparation allows us to have 
the following: 

1. Precise localization of the stimu- 
lating site that shows no evidence of 
electron microscopic pathologie condi- 
tions, 

2. Reliable eit of initiation and 
development, 

3. Easy recognition of various 
stages of ictal progression, 

4. Persistence of an induced seizure 
pattern and seizure susceptibility, 

5: Development of recurrent spon- 
taneous seizures identical to induced ` 
seizures (focal, secondary, and pri- 
mary generalized), and 

6. Spontaneous remission of these 
spontaneous seizures in some ani- 
mals. 

Thus, the major advantage of the 
kindling preparation over other mod- 
els is its capacity to create the predict- 
able epileptogenic reorganization of 
brain function in time. and space. 
without imposing structural damage 
to the cerebral tissues. Such a prepara- 
tion enables us to assess the effects of 
a given pharmacological agent on the 
progressive sequence of ictal events in 
the development of the cerebral 
epileptogenesis that is dissociated 
from the destructive processes. There- 
fore, the kindling preparation might 
not only be a useful supplement to 
other laboratory assays of antiepi- 
leptic agents but might also be able to 
offer some further insight into the 
mechanisms by which such drugs . 
produce their prophylactic or thera- 
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Drug Investigator 
Phenytoin 





Wise & Chinerman® 
Racine et ai" 
Tanaka™ 


Present study 


Phenobarbital 
Wise and Chinerman*® 
Tanaka” 


Present study 


Racine et al" 
Wise and Chinerman” 


Diazepam 


Tanaka”? 








Ciorazepate 
dipotassium 


Present study 


Dipropylacetic Tanaka and Lange“ 


acid 











Present study 





Acetazolamide Tanaka” 


Phenacemide 





Table 1.—Amygdaioid Kindling 


Babington and Wedeking® 


Babington and Wedeking” 


Carbamazepine . Rat 
Present study Cat 
Baboon 


Babington and Wedeking” 





Babington and Wedeking* 


Species Kindling  Kindled 
Rat ee +* 
Rat 2 i 
Rat —' — 
Rabbit eto 
Cat — 

` Baboon 
Rat 
Rat 
Rabbit 

. Cat 
Baboon 






+l: 


++ 1 4] 4]: 


Rat 
Rat 
Rat 
Rabbit 


+/+ 
HIHIHIHI tpt peep eis 

















+ 

Rat + 

+ 

Baboon + 

Rhesus T 
monkey 

Rabbit site + 






Rat 


*+ indicates suppression; —, absence of suppressive effect. 


peutic effects. 
In this presentation, an attempt 
will be made to review briefly the 


‘results of drug assessment studies 


carried out to date by means of the 
kindling preparation. Most of these 
studies have been performed in amyg- 
daloid kindling preparations using 
different species of animals unless 
otherwise specified. 


ESTABLISHED 
ANTIEPILEPTIC DRUGS 
Phenytoin 


This major anticonvulsant was re- 
ported to have no effect on kindled 
amygdaloid seizure in rats" and 
rabbits except for one rat study 
(Table 1).** However, our study involv- 
ing cats and baboons indicated that 
whenever an appropriate plasma level 
was achieved, the electroclinical fea- 


- tures of a kindled amygdaloid seizure 


can be significantly reduced.” On the 
other hand, phenytoin does not seem 
to have any effect on amygdaloid 
seizure development in rats and 
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cats.” In our cat study, maintenance 
of plasma levels above 15.5 ug was 
inadequate in preventing the develop- 
ment of amygdaloid seizure. It re- 
mains to be seen whether this finding 
also applies to subhuman primates. 
Investigation to clarify this question 
is now in progress in our laboratory. 


Phenobarbital 


This long-established drug has been 
found to have a potent anticonvulsant 
effect on kindled amygdaloid convul- 
sion in all the species examined thus 
far. Similarly, it clearly blocks devel- 
opment of amygdaloid seizure in rats“ 
and cats.“ Our preliminary study on 


‘amygdaloid seizure development in 


baboons suggests that it is quite 
effective also in subhuman primates 
in preventing the amygdaloid seizure 
development provided adequate plas- 
ma levels can be maintained. 


Carbamazepine 


This useful antiepileptic drug has a 
definite anticonvulsant effect on es- 


tablished amygdaloid convulsions in 
both cats and baboons," but only an 
equivocal result was obtained in rats 
in our laboratory. The administration 
of carbamazepine in a dose that makes 
rats comatose has no prophylactic 
efect (M. Corcoran, PhD, and J. 
Wada, MD, unpublished data, April 
1976). On the other hand, in cats it has 


_ a definite blocking effect on amygda- 


loid seizure development, although 
less potent than phenobarbital.“ Our 
preliminary prophylactic study in ba- 
boons indicates that this agent is also 
effective in subhuman primates 
(J. Wada, MD, and P. Cain, PhD, 
unpublished data, December 1975). 
Our studies suggest that the prophy- 
lactie action of carbamazepine is 
mainly through the suppression of the 
development of sustained AD. This is 
in contrast to the prophylactic action 
of phenobarbital that was mainly 


. through the suppression of the devel- 


opment of motor seizure manifesta- 
tions. 


Diazepam 


This anxiolytic-muscle relaxant has 
been reported to be an effective 
prophylactic agent in rats‘ and was 
also reported to have a profound anti- 
convulsant effect on kindled amygda- 
loid convulsions both in rats"? and 
rabbits.” 


Clorazepate Dipotassium 


This drug is related to diazepam, a 
member of the same benzodiazepine 
group of drugs. After administration, 
it is rapidly biotransformed to nordia- 


_zepam (desmethyldiazepam), which is 


believed to be one of the active antiep- 


_ileptic components (metabolites) of 


diazepam.” It is effective in blocking 


- kindled clinical seizure in rats, cats, 


and baboons, but it is also capable of . 
preventing the seizure development in 
cats (J. Wada, MD, N. Ogata, MD, 
T. Mizoguchi, MD, and M. Corcoran, 
PhD, unpublished data, December 
1976). 


Dipropylacetic Acid 


This antiepileptic compound is 
widely used in Europe and the Far 
East. It is thought to act through the 
gamma aminobutyric acid (GABA) 
system by inhibiting GABA-transam- 


Pharmacological Prophylaxis—-Wada 391 


inase, thereby causing a decrease in 
the breakdown of this putative neuro- 
transmitter. It not only blocks 
kindled convulsion but also prevents 
seizure development in rats at an 
appropriate dose.* The anticonvulsive 
_effect of this drug in cats and baboons 
and the prophylactic effect in cats has 
been confirmed in our laboratory 
(J. Wada, MD, N. Ogata, MD, and 
T. Mizoguchi, MD, unpublished data, 
October 1976). 


Acetazolamide 
and Phenacemide 


These drugs have been reported to 
have significant anticonvulsant ef- 
fects in rabbits”? and rats,” but their 
effect on seizure development has not 
been examined. 

Among all the agents studied so far, 
phenobarbital is the only drug with an 
anticonvulsant and prophylactic po- 


tency verified by a number of investi- . 


gators using different techniques and 
different species of animals. 


COMPARATIVE EFFECTS 
OF CERTAIN DRUGS 
ON AMYGDALOID AND 
NEOCORTICAL KINDLING 
IN RATS 


Limbic site specific action of certain 
major and -minor tranquilizers and 
tricyclic thymoleptics has been sug- 
gested in the past.*-* Therefore, it 
would not be surprising if the effect. 
of any drug varied according to the 
kindled site involving different func- 
tional cerebral areas. In this regard, 
some of the available data on the 
comparative effects on amygdaloid as 
opposed to. neocortical kindling re- 
quires attention. Of all the drugs 
studied by Babington and Wede- 
king, only antidepressants showed 
some differential effect on neocortical 
and amygdaloid kindled convulsions, 
with a more profound blocking effect 
on the latter (Table 2). Amitriptyline 
was the most potent drug in this 
regard. According to Racine et al,” 
diazepam retarded amygdaloid sei- 


zure development and tended to block: 


the established amygdaloid convulsion 
when a high dose was used. On the 
other hand, diazepam had no effect on 
seizure development or established 
convulsions of neocortical origin. With 
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Table 2.—Amygdalo'd vs Anterior Neocortical Kindling in Rats 


Drug 
Phenytoin 


Investigator 
Racine et al” 


ul Neocortex 


Babington and Wedeking” + 


Amitriptyline 


Diazepam Racine et al“ 


Babington and Wedeklng® -+T 


+ 


Babington and Wedeking” 


Procaine Racine et al“ 





— indicates absence of suppressive effect; +, suppression. 
ane suppressive effect in the amygdala was greater than the suppressive effect in. the 


NECCBHEX: 


phenytoin, Babington and Wedeking 
found no differential effect on the 


established amygdaloid and neocor- 


tical convulsion. However, Racine and 
co-workers found that while it had no 
effect at a low dose (100 mg in food), it 
tended to facilitate amygdaloid sei- 
zure development when given at a 
high dose (100 mg/kg intraperitoneal- 
ly). Phenytoin had only a weak atten- 
uating effect on amygdaloid xindled 
convulsions, but it had a striking 
suppressive effect on neocortically 
induced seizure. They also reported a 


comparable effect with procaine. In- 


terpretation of these interesting data, 
however, requires caution since no 
concurrent monitoring of plasma drug 
levels was done. 


DRUGS THAT ARE 
NOT PRIMARILY REGARDED 
AS ANTIEPILEPTIC AGENTS 
Atropine 


It has been reported by Arnold et 
al that treatment of rats by atropine 
either retards or blocks amygdaloid 
seizure development (Table 3). Our 
efforts to duplicate their findings in 
rats and cats were completely unsuc- 
cessful.” Similarly, atropine in its 
adequate central dosages hed no 
effect on kindled amygdaloid convul- 
sions in rats, cats,” and baboons 


(J. Wada, MD, unpublished data, 


March 1976). 
Reserpine 


Reserpine, which depletes catechol- 
amines and serotonin, has been 
reported to facilitate amygdaloid sei- 
zure development in rats but not in 
rabbits (N. Ogata, MD, unpublished 
data, August 1975). Curiously, when 
the administration of the drug was 
ceased, the rats still required addi- 
tional stimulation to redevelop motor 
seizures,*® 


1-Methyl-2 
(2 Naphthy)-Aziridine 
_ 1-methyl-2(2 naphthyl)-aziridine 
(MNA), which is reported to reduce 
brain concentration of noradrenalin 
(and possibly dopamine), when given 
daily 12 hours prior to amygdaloid 
stimulation markedly accelerated 
kindling in two cats experiencing 


„stage 6- convulsion on the sixth and 


seventh days., The kindled effect 
persisted in spite of discontinuing the 
drug treatment (V. Leviel, T. Beille- 
vaire, and R. Naquet, unpubisaga 
data). 


6-Hydroxydopamine 

Destruction of central catecholam- 
inergic neurons with intraventricular > 
injection of 6-hydroxydopamine (6- 
OHDA) was reported to facilitate the 
rate of amygdaloid kindling in 
rats.**** Correlation of the kindling 
data and the’ results of assays | 
suggested that either combined de- 
struction of nonadrinergic and do- 
paminergic neurons or destruction of 
the latter alone is necessary to facili- 
tate. the development of kindled 
seizures. The effect of intracerebral 
administration of 6OHDA into the 
substantia nigra or the lateral hypo- 
thalamus for the purpose of interrupt- 
ing the nigrostriatal and mesolimbic 
pathways on amygdaloid seizure de- 
velopment in cats is currently being 
examined in our laboratory. | 


Catecholamine Agonist 


While Tanaka”? has reported that 
methamphetamine blocks the amyg- 
daloid kindled convulsion in rabbits 
for one to two hours, Babington and 
Wedeking have found that dextroam- 
phetamine tends to prolong estab- 


lished amygdaloid convulsions in 


rats. It is interesting that meth- 
amphetamine did not block: amygda- 


Pharmacological Prophylaxis—Wada 


a. 


{7 Catecholamine 


t 
. 
` 


Table 3.—Amygdaloid Kindling 


Atropine Arnold et al" 


Present study 


' Arnold et al* 
Ogata“ 
Tanaka” 


Reserpine 


Chlorpromazine 


-Babington and 


Wedeking“ 


&hydroxydopamine Arnold et al“ 
Present study 


Tanaka” 
agonists 


Babington and 


Wedeking” 
. Present study 


Antidepressants 


Wedeking* 
Lidocaine Tanaka” 


Procaine 


A’- 


Taurine ` Present study 


Morrell 
Ogata® 


Cycloheximide 


Drug Investigator Species Kindling 'Kindied 
1 l 





Babington and ` 


+3 








Rat Facilitate i 
Rabbit — — 
Rabbit 


Facilitate 
Facilitate 
. Facilitate(?) 
Rabbit ala 


Rat 


Rat 
Baboon 
Cat 
Rat 


Rabbit 
Rat 


Rat 
Cat 
Baboon 
Rat 
Rabbit 


*+ indicates suppression; —, absence of suppressive effect. ` 


7Drug administered intraventricularly. 
{Drug administered intracerebrally. 


loid. AD in rats. Similarly, up to 
5 mg/kg of dextroamphetamine with 
significant - central 
influence on established amygdaloid 
convulsions in cats and baboons 
(N. Ogata, MD, P. Cain, PhD, and 
J. Wada, MD, unpublished data, 
March 1976). Our ongoing study in 
cats suggests that this drug has little, 
if any, prophylactic effect on amygda- 
loid seizure development (J. Wada, 
MD, and N. Ogata, MD, unpublished 
data, March 1976). 


Antidepressants 


_ Tricyclic thymoleptics were all. 


found to be effective in suppressing 
established amygdaloid convulsions, 
with amitriptyline being the most 
potent of the three.” In this study, AD 
was not monitored. This finding is 
consistent with the abbreviation or 
blocking of amygdaloid discharge in 
cats after imipramine hydrochloride“ 
or amitriptyline hydrochloride treat- 
ment.® However, this is in‘contrast to 
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effect had no- 


the report that both imipramine and 
amitriptyline increased AD durations 
in rabbits. 


Local Anesthetics 


Tanaka” reported that 3 to 8 mg/kg 
of lidocaine tended to completely 
block electroclinical manifestations of 
established amygdaloid convulsions in 
rabbits. On the other hand, procaine 
hydrochloride, 40 to 80 mg/kg, is 
reported to facilitate amygdaloid sei- 
zure development, with longer AD 
duration and shorter latency to the 
final stage seizure, while showing no 
clear blocking effect on established 
amygdaloid seizure in rats.” 


Chiorpromazine 


Chlorpromazine, which blocks cate- 
cholaminergic and serotonergic action 
at the receptor site, had no effect on 
AD but attenuated the convulsive 
behavioral response in rabbits.” Simi- 
larly, a slight attenuation of convul- 
sive behavior has been.noted in rats.” 


Its effect on seizure development has 
not been reported. — 


A*-Tetrahydrocannabinol 


This nonmedically used drug has 
shown a significant anticonvulsive 
efect on established amygdaloid con- 
vulsions in rats? and baboons® but 
not in cats.“ Interestingly, its prophy- 


lactic effect was as potent as that of 


phenobarbital in cats” but was equi- 
vocal in amygdaloid seizure develop- 
ment in rats. (M. Coreoran, PhD, 
J. McCaughran, MSc, and J. Wada, 
MD, unpublished data, December 
1976). 


Taurine 


This . putative inhibitory neuro- 
transmitter has no. effect on estab- 
lished amygdaloid convulsions in rats, 
cats, and baboons.® Judging from the 
fact that it does not modify the initial 


_ AD configuration or duration in these 


three species, it is suspected that it 
has no prophylactie effect. This is in 
contrast to a blocking effect on the 
photosensitive response in the same 
baboons® and the reported suppres- 
sive effect on the cobalt model of 
epilepsy.” 


3-Mercaptopropionic Acid 


This powerful inhibitor of glutamic 
acid decarboxylase can produce con- ` 
vulsive seizures and running episodes 
in normal rats. When it was applied to 
kindled rats, they were strikingly less 
sensitive than the control animals 
(M. Corcoran, PhD, and J. Wada, MD, 
unpublished data, April 1975). 


Cycloheximide 


Cycloheximide, which is known to 
cause the inhibition of cerebral pro- 
tein synthesis, in a dose of 50 mg/kg 
blocked AD growth and development 
of independent interictal spike dis- 
charge in the opposite hemisphere of 
frogs.” However, a much smaller 
amount of cycloheximide (1 to 2 mg/ 


kg) was found to be effective in 


blocking kindling as well as kindled 
seizure in rabbits.* 


COMMENT 


With the exception of phenobarbi- 
tal, available reports on most of the 
established antiepileptic drugs are 
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quite complex because of results 
varying from one laboratory to anoth- 
er and also depending on the variety 
of species and techniques used. This is 
not surprising in view of the relative 
novelty of the kindling preparation in 
general. In addition, the lack of infor- 
mation in many of the studies with 
respect to the plasma level of the drug 
used makes interpretation of avail- 
able findings rather difficult. How- 
ever, in spite of many uncertainties, 
drug assessment studies with the 


me kindling preparation. already suggest 


potentially profitable future avenues 
for investigation to establish rational 
use of antiepileptic drugs in the clin- 
ical treatment of human epilepsy. The 
major advantage or anticipated divi- 
dend of using the kindling prepara- 
tion for drug assessment is that it will 
enable us to differentiate the drug 
effect on seizure development as 
opposed to developed or established 
seizures. Since the mechanism under- 
lying the seizure development could be 
quite different from that sustaining 
established seizure, effective drug 
suppression of the latter could be inef- 
fective in the former. Although there 
is some evidence to support such an 
assumption in the literature, for 
example, phenytoin,“ further study is 
required to verify it. It would be 
preferable to obtain such information 
by using subhuman primates involv- 
ing more than one functional brain 
site. Needless to say, extrapolation of 
the results obtained in subhuman 
organisms to the problem of human 
epilepsy requires considerable cau- 
tion, but only through a comprehen- 
sive evaluation can one hope to gain 
useful information for establishing 
rational clinical guidelines for the 
pharmacological prevention and treat- 
ment of epilepsy. 

Findings reported on drugs that 
cannot be primarily regarded as anti- 
epileptic agents similarly show consid- 
erable variation and conflicting re- 
sults. For example, the literature 
details accumulating empirical data 
supporting the general notion that 
catecholamines suppress seizure activ- 
ity. Effects of. reserpine, MNA, and 
6-OHDA on kindling are consistent 
with such an assumption. However, 
the effect of catecholamine agonists 
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on amygdaloid seizure development 
has been negative (J. Wada, MD, and 


_N. Ogata, MD, unpublished data, 


March 1976). Similarly, the reported 
blocking effect of atropine on amyg- 
daloid kindling: has not been repli- 
cated." Clarification of these findings 
is important in view of their obvious 
theoretical implications, since if 
proven, a suppressive effezt of atro- 
pine and a facilitating effect of reser- 
pine, 6-OHDA, or MNA could imply 
that.’ cholinergic. and catecholamin- 


. ergic systems represent supporting 


and inhibiting mechanisrns under- 
lying amygdaloid seizure develop- 
ment." Disruption of amygdaloid kin- 
dled convulsions by electrical stimula- 
tion of the midbrain raphé nuclei 
suggestive of a suppressive effect of 
serotonergic activity has been re- 
ported, but no assay has been made to 
examine for any’ increase of brain 
content of serotonin.** Administration 
of taurine has been reported to be 
effective in suppressing cokalt epilep- 
sy® but has no effect on amygdaloid 
kindled seizures in rats, cats, or 
baboons.* The effeet of 3-mercapto- 
propionic acid, an inhibitor of GABA 
synthesis, on kindled animals sug- 
gests some modification of tne GABA 
system accompanying kindling. Com- 
prehensive and concurrent examina- 
tion of GABA, glutamic acid, and the 
activity of other putative neurotrans- 
mitters and their enzymes might 
clarify the possible role played by 
them in amygdaloid kindling. Ob- 
viously, a great deal of careful study is 
required to define the role of each 
putative neurotransmitter in seizure 
development as well as the generation 
of established seizures. Conflicting 
results on the limited number of drugs 
so far used point to a difficulty of 
studying physiology through the use 
of drugs in general. 


CONCLUSION 


The availability of a kindlirg model 
with an established pattern of AD 
growth, propagation, and clizical sei- 
zure development for antiepileptic 
drug assessment appears to fll a gap 
that is evident in standard screening 
methods such as maximum electro- 
shock or pentylenetetrazol screening 
tests. 


In order to abtain a comprehensive 
profile of antiepileptic drugs with 
respect to prophylaxis of developing 
seizures and treatment of well-estab- 
lished seizures through the kindling 
preparation, it is desirable to have the 
following: (1) standardization of kin- 
dling techniques, (2) examination of 
drug effects on developing as opposed 
to developed seizures, (8) use of a 
variety of animal species involving 
different functional brain sites, and 
(4) monitoring of plasma levels of the 
drug administered.: It is. envisaged 
that judicious use of the kindling 
preparation might also enable us to 
gain some insight into the mech- 
anisms by which drugs produce their 
prophylactic or therapeutic effect. 
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Nonproprietary Names 
and Trademarks of Drugs 


Amitriptyline hydrochloride—Elavil. 

Carbamazepine—Tegretal. 

Clorazepate dipotassium~Tranzene. 

Chlorpromazine—Chlor-PZ, Cromedazine, 
Promachel, Thorazine. 

Dextroamphetamire—Dexacaps. 
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Morphological Changes of Motor Units 


in Duchenne’s Muscular Dystrophy 


Christian Coérs, MD, Nicole Telerman-Toppet, MD 


è We studied the Intramuscular motor 
Innervation In 19 muscle biopsy spec- 
imens from boys with Duchenne’s muscu- 
lar dystrophy and. the fiber-type pattern 
was analyzed in nine blopsy specimens. 
The main change in motor innervation 
was a longitudinal displacement of motor 
end plates that could reach 10 mm and the 
presence of numerous unemployed axons 
ending freely within connective tissue. 
There was no Increased collateral ramifi- 
cation of subterminal axons and the 
terminal innervation ratio was normal. The 
fiber-type pattern was characterized by a 


random variation of fiber diameters, a- 


slight predominance of type | fibers, and 
an impaired type differentiation in many 
fibers. The morphological data do not 
support the possibility of denervation and 
collateral reinnervation that could be 
related to the late component potentials 
found In Duchenne’s ` muskular dystro- 
phy. 
(Arch Neurol 34:396-402, 1977) 


396 Arch Neurol—Vol 34, July 1977 


he possibility of a disordered 
motor neuron function in Du- 
chenne’s muscular dystrophy has been 
recently a matter of controversy. The 
reliability of the electrophysiological 


method that led McComas et ali to 


propose the neural hypothesis was 
contested by several authors,?* and 
pathological studies confirmed the 
integrity of spinal cord motor: neurons 
in this disease.’ 

In their recent articles, Desmedt 


. and Borenstein: -1 claim that the motor 
neurons in Duchenne’s dystrophy, far . 


from being “sick,” are healthy enough 
to induce reactive axonal sprouting 
able to establish functione| neuromus- 
cular synapses with denervated mus- 
cle fibers resulting from focal necro- 
sis. This statement is based on their 
findings of late component potentials 
in Duchenne’s dystrophy, similar to 
those observed in denervating condi- 
tions** in which collateral reinnerva- 
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tion is well docuniented. para Du- 


. chenne’s dystrophy, however, there is 


as vet no histo:ogical evidence of an 
increased collateral ramification of 
motor nerve fibers.12" 

The main purpose of the present 
study was to find .out whether 
morphological changes other than 
axcnal sprouting could account for the 
occurrence of late component poten- 
tials in Duchenne’s dystrophy. 


MATERIALS AND METHODS 


Muscle biopsy specimens were obtained 
from: 23 boys, 2 to 12 years old, with 
muscular dystrophy. In most cages, the . 
family history indicated an X-linked reces- 
sive inheritance. The muscles selected for 
biopsy were the vastus medialis (11 times), 
the rectus femoris (three times), the biceps 
brachii (five times), the flexor carpi radi- 
alis (two times), and the deltoideus (two 
times). In all cases, the diagnosis of 
muscular dystrophy was verified by histo- 
logical examinazion of paraffin transverse 
and longitudinal sections. stained with 
hematoxylin-eosin, Masson’s trichrome, 
and Mallory’s phosphotungstic acid-hema- 
toxylin. 

The study of iritramuscular innervation 
was performed on 19 biopsy specimens 
submitted to vital staining with methylene 
blue after electrical localization of the 
terminal innervation area.® The terminal 
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innervation ratio (TIR), the number of 
muscle fibers innervated by a given 
number of subterminal axons, was mea- 
sured according to the method previously 
described.'* Nine to 158 axons were avail- 
able in each biopsy specimen for this 
measurement (mean, 46 axons). An addi- 
tional sample was stained with the modi- 
fied thiocholine method for cholinesterase” 
in seven patients. The length of the muscle 
specimen selected for innervation study 
was comprised between 8 and 20 mm 
(mean, 15 mm). 

A morphometric analysis of muscle fiber 
types was performed in nine patients on 
cryostat transverse sections of a specimen 
frozen in isopentane, cooled at —170 C in 
liquid nitrogen and submitted to histo- 
chemical staining for adenosine triphos- 
phatase (ATPase) and nicotinamide 
adenine nucleotide dehydrogenase 
(NADH) diaphorase.” The measurements 
were performed on 200 to 300 muscle fibers 
in each biopsy. The mean diameter and 
standard deviation were estimated, and 
the proportion of type I and type II fibers 
was recorded. Fibers not having a recip- 
rocal relationship between the two en- 
zymes were labeled either type III, when 
having a high activity for both enzymes, or 
intermediate (i) when having a medium 
activity for ATPase.'*'’ The proportion of 
type III and intermediate fibers was 
recorded. The type grouping was estimated 
by the greatest number of adjacent and 
enclosed fibers of the same type found in 
the specimen. 

The quantitative data were compared to 
the value obtained in biopsy specimens 
from patients without clinical or histolog- 
ical evidence of neuromuscular disorder (56 
biopsy specimens for TIR" and 15 biopsy 
specimens for fiber types). 


RESULTS 
Motor Innervation 


In all biopsy specimens, the density 
of intramuscular nerves was not 


Fig 1.—Biopsy specimen 1151. Subterminal axons runn 
nerves. Inset, High magnification of framed m 


apparently reduced, even in atrophic 
muscles showing a marked numeric 
reduction of the muscle fibers and a 
heavy endomysial and perimysial 
fibrosis. A large number of the motor 
axons arising from intramuscular 
nerves could be followed individually 
up to their end. Some of them formed 
motor arborizations (Fig 1), and the 
others ended blindly in connective 
tissue, this end being outlined by an 
axonal club-like or spherical expansion 
(Fig 2). These fibers were occasionally 
abnormally small and beaded. The ma- 
jority of nerve fibers had a character- 
istic distribution. Instead of running 
only a short distance between the 
intramuscular nerve and the muscle 
fiber more or less perpendicular to the 
main direction of the muscle fibers as 
in normal muscles, they extended 
along muscle fibers for a long distance 
and eventually ended several milli- 
meters away from the nerve bundles 
(Fig 1). This aberrant distribution 
resulted in a very marked longitudinal 
dispersion of motor end plates that 
could be clearly observed on sections 
stained for cholinesterase activity. In 
normal muscle of children within the 
Same age group, the terminal innerva- 
tion area is very narrow and never 
exceeds 1 mm (Fig 3). In ten biopsy 
specimens from patients with Du- 
chenne’s dystrophy, the longitudinal 
scatter of motor end plates was in- 
creased (Fig 4) and in four instances 
attained 10 mm (Fig 5). 

The collateral branching of the 
subterminal axons did not extend over 
the normal limits, and the mean TIR 
obtained from individual values was 
1.12 + 0.06. This figure is not statisti- 
cally different from controls (Table 1). 


(methylene blue; original magnification x 160). 


The individual values were comprised 
between 1.01 and 1.28, this figure 
being the only one slightly over the 
95% confidence limit (mean + 2 SD). 
The lack of a significant increase of 
collateral ramification was confirmed 
by the pooled TIR obtained from the 
total number of axons of the material 
studied (873), which was 1.10, that is, 
the same value as controls. 

In order to verify whether the 
abnormal scatter of motor end plates 
was not related to increased collateral 
branching of motor nerve fibers, we 
compared the mean TIR in the group 
of biopsy specimens with a narrow 
terminal innervation area and in the 
group with enlarged innervation area. 
The difference was not significant 
(Table 1). The pooled TIR, although 
higher in the second group, was within 
the normal range. 


Morphometric Study of Fiber Types 


The quantitative data are reported 
in Table 2. The mean diameter of 
muscle fibers is comprised between 
18.8 and 37 u. There is a marked 
variation of fiber sizes that is indi- 
cated by a high standard deviation. 
The small and large fibers are 
randomly distributed. The reciprocal 
relationship between ATPase and 
NADH diaphorase is blurred in many 
fibers and there is a continuous spec- 
trum between typical type I and type 
II fibers, a great proportion of fiber 
having a medium activity for ATPase 
(intermediate fibers) or a high activi- 
ty (type III fibers) for both enzymes 
(Fig 6 and 7). 

The proportion of fiber types is not 
markedly modified. In seven cases, 
there is a predominance of type I 


ing along muscle fibers and forming motor end plates distant from intramuscular 
otor ending. Arrow shows another motor ending about 2 mm away from framed one 
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Fig 2.—Left and right, Biopsy specimen 1237. Arrows show unemployed axons ending freely as axoplasmic dilation (methylene 
original magnification x 400). 
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Fig 3.—Biopsy specimen 964. Normal muscle specimen of 9-year-old child. Modified 
thiocholine method for cholinesterase. Terminal innervation area hardly exceeds 0.5mm 


(original magnification x 70). 
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Fig 4.—Biopsy specimen 400. Modified thiocholine method. Terminal innervation area (arrows) is enlarged and attains 3 mm (original 


magnification x 80). 





Fig 5.—Biopsy specimen 1237. Modified thiocholine method. Several bands of terminal 
innervation are seen over distance of about 6 mm along muscle (arrows) (original 


magnification x 23). 


fibers (Fig 7). Grouping of fibers of 
the same enzymatic type never 
exceeds normal values. 


COMMENT 


The morphometric analysis of intra- 
muscular nerve fibers and endings of 
19 muscle biopsy specimens from 
Duchenne’s muscular dystrophy pro- 
vides additional evidence that there is 
no increased collateral ramification of 
subterminal motor axons in this condi- 
tion. The mean TIR is not signifi- 
cantly different from the controls, 
and the individual values are within 
the normal range in most cases, being 
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slightly over the 95% confidence limit 
in one case only. 

Of course, this finding does not rule 
out the possibility of axonal sprouting 
occurring more proximally in intra- 
muscular nerves or in nerve trunks, 
but there is so far no histological 
evidence of this process. 

It seems likely that the finality of 
collateral sprouting is to compensate 
the loss of motor axons that character- 
izes lower motor neuron and periph- 
eral nerve disorders.'’-*°-?! In the mus- 
cular dystrophy studied here, such an 
axonal loss does not take place. On the 
contrary, a very dense innervation 


persists in muscles having been 
deprived of many muscle fibers and 
there is apparently an excess of motor 
axons. It is easy on methylene blue 
preparations to follow unemployed 
nerve fibers running in connective 
tissue parallel to the longitudinal axis 
of the muscle and ending freely. Even- 
tually, these fibers make contact with 
a muscle fiber as a diminutive motor 
arborization, sometimes several milli- 
meters apart from the intramuscular 
nerve. These nerve fibers are often 
abnormally thin and beaded, but do 
not branch excessively. This distorted 
pattern of motor innervation results 
in a very marked enlargement of the 
terminal innervation area and a longi- 
tudinal scatter of motor end plates 
that may reach 10 mm. 

This dispersion of motor endings 
may be explained in two ways. 
According to Desmedt and Boren- 
stein’ focal necrosis can produce a 
transection of muscle fibers with 
formation of denervated segments. It 
may be assumed that unemployed 
axons available in the vicinity of the 
denervated segments could be ac- 
cepted and form ectopic end plates 
(Fig 8). They could as well be used to 
innervate regenerated muscle fibers,’ 
since regeneration is known to take 
place in the early stages of the 
disease. 

Another possibility could be that 
the dispersion of motor end plate is 
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Table 1.—Terminal Innervation Ratio 
























Pooled Mean 
No. of No. of No. of Terminal Terminal 
Studied Muscle Subterminal Innervation innervation 
Patients Fibers Axons Ratio Range Ratio SD Significance 
Controls" 56 5,088 4,606 1.10 1.01-1.20 1.11 0.05 
Duchenne dystrophy t = 0.8575, P > 0.4 
Total 19 961 873 1.10 1.01-1.23 1.12 0.06 
Terminal innervation area 
< 1mm 9 349 325 1.07 1.01-1.20 1.12 0.06 | + _ 0.3733, P > 0.8 
> 1mm 0.06 J 


Type-Grouping 
Fibers Diameters, 1 ———— oo Ter- 
Age Pane, an eae Pal oe Se ae T Adjacent Enclosed minal 
of Type | Type Il Type Ill Type i* Fiber Types, % Fibers, % Fibers, % Inner- 
Patient, a" vation 
yr Mean SD Mean SD Mean SD Mean il | il Ratio 


Biopsy specimen 

975 
1002 
1003 
1005 
1007 
1021 
1056 
1127 
1151 
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Range in 
contro! biopsy 
specimens PE EF aad bg ias A PON: oe ... 933-53 46-83 0-7 1.01-1.20 





*i indicates intermediate fibers. 


Fig 6.—Biopsy specimen 1151. Serial sections. Left, Adenosine triphosphatase. Right, Nicotinamide adenine nucleotide dehydrogenase 
diaphorase. | indicates type | fibers; Il, type Il fibers: i, intermediate fibers (original magnification x 160). 
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Fig 7.—Biopsy specimen 1127. Serial sections. Left, Adenosine triphosphatase. Right, Nicotinamide adenine nucleotide dehydrogenase 
diaphorase. | indicates type | fibers; Il, type II fibers; i, intermediate fibers. Type | predominance (original magnification x 160). 








Arch Neurol—Vol 34, July 1977 


merely related to the longitudinal 
displacement of transected muscle 
fibers resulting from focal necrosis 
(Fig 8). 

The histochemical pattern of muscle 
fibers in Duchenne’s dystrophy is 
characterized by a predominance of 
type I fibers, without type grouping 
and a poor fiber-type differentia- 
tion.” There is a marked variation of 
fiber sizes without grouping of small 


Fig 8.—Mechanism of longitudinal scatter 
of motor endings. A indicates normal 
pattern; B, focal necrosis of muscle fibers 
1 and 3 and disappearance of muscle fiber 
2; C, reinnervation of denervated segment 
of muscle fiber 1 by ectopic end plate from 
unemployed axon 2 and longitudinal 
displacement of transected fiber 3. 


fibers.” Our observations are in 
agreement with these findings, al- 
though the type I predominance was 
slight on our material, and the mean 
diameter of muscle fibers was not 
outside the normal value in children of 
the same age group.” The lack of 
fiber-type differentiation was fre- 
quent, especially with NADH diapho- 
rase, so that many fibers responded to 
our criteria for type III fibers (high 
activity for both ATPase and NADH 
diaphorase) and for intermediate fi- 
bers (medium activity for ATPase and 
variable activity for NADH diapho- 
rase).'*'* These fibers, when observed 
in denervating conditions, were tenta- 
tively considered to be in a tran- 
sitional state, as when a muscle fiber 
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is being reinnervated by an axon of 
another type. By applying the 
conversion hypothesis to Duchenne’s 
dystrophy, it might be assumed that 
type III and intermediate fibers are 
the denervated segments of muscle 
fibers reinnervated by an axon of the 
other type. Obviously, this simple 
explanation can hardly be accepted in 
a pathological condition in which the 
enzymatic profile of the muscle fibers 
may be altered by a primary meta- 
bolic disturbance. Neither type I 
predominance nor presence of type III 
and intermediate fibers can be consid- 
ered as evidence of a process of 
denervation-reinnervation in Du- 
chenne’s dystrophy. The same conclu- 
sion was drawn in congenital myopa- 
thies.”° 

Therefore, on morphological 
ground, it remains impossible to 
decide whether the longitudinal dis- 
persion of motor end plates is due to 
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reinnervation of denervated segments 
by unemployed axons or to a longitu- 
dinal displacement of transected mus- 
cle fibers. In any case, there is appar- 
ently no need for collateral sprouting 
in muscles having a redundant inner- 
vation, and this is in agreement with 
morphological evidence. 

In this respect, Duchenne’s muscu- 
lar dystrophy stands apart from other 
myopathies in which the TIR is some- 
times significantly increased. In the 
cases of myotonic dystrophy with a 
high TIR, an associated peripheral 
nerve involvement can be postu- 
lated.'*:'*°° In acquired myopathy such 
as dermatomyositis and granuloma- 
tous myopathy, an increased axonal 
ramification may occur in response to 
axonal breakdown (intramuscular 
denervation) within foci of inflamma- 
tory cells.’ In some cases of limb 
girdle progressive muscular atrophy 
with myopathic changes of muscle 
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fibers, the unexpected finding of an 
increased TIR probably indicates the 
spinal origin of the disease.'” 

We may conclude that the late 
component potentials identified by 
Desmedt and Borenstein®*’ in Du- 
chenne’s dystrophy do not involve 
collateral sprouting to a significant 
extent. They merely reflect various 
factors of desynchronization of motor 
units action potentials, including 
marked longitudinal dispersion of mo- 
tor end plates, slowing of conduction 
velocity in abnormally thin motor 
nerve fibers, delay in neuromuscular 
transmission in diminutive motor end 
plates, and slowing of propagation of 
action potential along atrophic muscle 
fibers.” 


This investigation was supported by grants 
from the Fonds dela Recherche Scientifique 
Médicale of Belgium and from the Free Univer- 
sity of Brussels. 


diseases. Pathol Eur 6:50-55, 1971. 

19. Telerman-Toppet N, Coërs C: Mechanism 
of fibre type grouping in neuromuscular diseases, 
in Kakulas B (ed): Basic Research in Myology. 
International Congress Series No. 294, Amster- 
dam, Excerpta Medica, 1971, pp 130-135. 

20. Hoffman H: Local reinnervation in partial- 
ly denervated muscle: A histopathological study. 
Aust J Exp Biol Med Sci 29:211-219, 1950. 

21. Edds MV: Collateral regeneration of resid- 
ual motor axons in partially denervated muscles. 
J Exp Zool 113:517, 1950. 

22. Bell CD, Conen PE: Histochemical fibre 
“types” in Duchenne muscular dystrophy. J 
Neurol Sei 10:163-171, 1970. 

23. Dubowitz V, Brooke MH: Muscle biopsy: A 
modern approach, in Walton JN (ed): Major 
Problems in Neurology. Philadelphia, WB Saun- 
ders Co, 1973, vol 2. 

24. Morris CJ: The significance of interme- 
diate fibres in reinnervated human muscles. J 
Neurol Sci 11:129-136, 1970. 

25. Coërs C, Telerman-Toppet N, Gerard JM, 
et al: Changes in motor innervation and histo- 
chemical pattern of muscle fibers in some con- 
genital myopathies. Neurology 26:1046-1053, 
1976. 

26. Caccia MR, Negri S, Pretoparvis V: Myo- 
tonic dystrophy with neural involvement. J 
Neurol Sei 16:253-269, 1972. 

27. Stalberg E, Ekstedt J: Single fibre EMG 
and microphysiology of the motor unit in normal 
and diseased human muscles, in Desmedt JE (ed): 
New Developments in Electromyography and 
Clinical Neurophysiology. Basel, Switzerland, S 
Karger, 1973, vol 1, pp 113-129. 





aN 


a 
a 


su eS i.. a 


Effects of Aging 


on Visual Evoked Responses 


Gastone G. Celesia, MD, Richard F. Daly, MD 


è The effects of aging on visual evoked 
responses (VER) and critical frequency of 
photic driving (CFPD) was studied in 74 
volunteers aged 18 to 79. The amplitude 
of VER to pattern reversal stimulation did 
not vary with sex or age. The latencies of 
the first major negative and of the first 
major positive deflection of the VER were 
significantly delayed (P < -001) with ad- 
vancing age. This increase of latency 
probably reflects a slowing of conduction 
velocity in the optic nerve or optic path- 
ways or both. CFPD, defined as the 
highest frequency of photic driving 
response expressed in flashes per sec- 
ond, showed an inverse correlation, 
decreasing with age in older subjects. 
Critical frequency of photic driving is the 
electrophysiological counterpart of crit- 
ical flicker fusion, which is known to 
decrease with advancing age. These data 
support the concept that aging influences 
the functions of specialized sensory 
systems. 

(Arch Neurol 34:403-407, 1977) 


t is known that the conduction 
velocity of peripheral nerves grad- 
ually decreases with advancing age.'? 
This phenomenon is attributed to a 
loss of large fibers and/or to segmen- 
tal demyelination of some axons.: 
Central nervous system pathways 
may be similarly affected by the 
aging process. To test this possibility, 
visual evoked responses (VER) and 
critical frequency of photic driving 
(CFPD) were studied in 74 volunteers 
aged 18 to 79. 


METHOD 


Silver-silver chloride electrodes were 
applied to the scalp with collodion 
according to the 10-20 International 
System. Electrode impedance was below 
5,000 Q. The following montages were 
T E AA EOS Nae 
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utilized: 02-A 2; 01-A1; Oz-Al; Oz-A2; 02-P4; 
01-P3; Oz-Pz; and Oz-Cz. The input from 
the electrodes was fed into four preamplifi- 
ers adjusted to a bandwidth of 0.3 Hz to 1 
kHz. The output was fed simultaneously 
into an averager and an oscilloscope. 
Writeouts from the averager were made 
with an X-Y plotter. 

The subject was comfortably seated on 


the electroencephalogram recording chair 
1 m from a translucent screen on which the 
pattern was projected from the rear. 

A visual generated a checkerboard 
patterned stimulus in which dark and 
bright squares rhythmically exchanged 
their positions. The whole stimulating field 
subtended an angle of 9.3° with each indi- 
vidual check of the checkerboard subtend- 


Fig 1.—Pattern reversal evoked responses in two controls (A and B) from right (OD) and 
left (OS) eyes. LD indicates latency difference for wave P1. Numbers indicate peak 


latency in milliseconds of wave P1. 


CHECKS 


Visual Evoked Responses—Celesia & Daly 


15.5? 


96.2 
96.4 
5 pV 
+ 
LD: 0.2 


403 


ing 15.5 minutes of are measured at the 
subject’s eye. The luminance of the pattern 
stimulation was 10 foot-lamberts. 

Stimulation was carried out in a partially 
darkened room with background lumi- 
nance of 0.01 foot-lamberts. Subjects were 
instructed to remain still and fixate on a 
black dot at the center of the screen. 
Flashes were generated by a photic stimu- 
lator set at intensity “1.” A stroboscope 
was placed 45 cm in front of the subject’s 
eye. Stimulation began at a low frequency 
of flashes and was gradually increased 
until no photic driving could be obtained. 
The increments in the frequency of flashes 
were stepwise as follows: 15, 20, 25, 31, 40, 
50, 62, 76, 85, 90, 100. Two hundred fifty-six 
samples were averaged over 204.8 msec 
immediately following the pattern reversal 
or a flash. Only for flash stimulation equal 
or above 50 flashes per second were 512 
samples summated to further improve the 
signal to noise ratio. 

Pattern stimulation always preceded 
flash stimulation. Pattern stimulation was 
carried out with natural pupils, while flash 
stimulation was undertaken after the 
pupils were dilated with synephrine 2.5% 
solution. Monocular stimulation was used. 

Every volunteer had normal findings on 
neurological and ophthalmological exami- 
nation and agreed to participate in the 
study with full knowledge of the exper- 
imental nature of the research. 


RESULTS 


The ages of the 74 volunteers 
ranged from 18 to 79 years, with a 
mean of 38.4 and a median of 31 years. 
There were 40 women and 34 men. 

Sixteen subjects wore corrective 
lenses during testing, but did not 
require more than +1.5 diopter cor- 
rection to achieve 20/20 visual acuity. 
The remainder had normal visual 
acuity without corrective lenses. 

Evoked responses to pattern rever- 
sal consisted of a major negative wave 
(N1) with a mean peak latency of 73.7 
msec followed by a major positive 
wave (P1) with a mean peak latency of 
97.8 msec (Fig 1). Wave N1 was occa- 
sionally preceded by a small positive 
wave. 

Referential and bipolar recordings 
were compared in 20 volunteers. The 
amplitude of VERs from 02-A2, 01-A1, 
and Oz-Cz was larger than VERs from 
02-P4, O1-P3, and Oz-Pz, but quite 
similar to responses obtained from Oz- 
Cz. Muscle contamination was a 
frequent problem in referential re- 
cordings; therefore, we arbitrarily 
limited our study to bipolar record- 
ings. No significant differences were 
seen in the peak latencies of the VERs 
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Visual Evoked Responses to Pattern Reversal Checks 
of 15.5’ Subtense Peak Latencies 


Peak Latency, msec 


Stimulation of Right Eye Stimulation of Left Eye 
Electrode SS (FO RN 
Position Range Mean Range Mean 


68.8-87.2 
90.4-116 
68.8-87.2 
89.6-116 
68.8-87.2 
89.6-116 
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LATENCY 
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Fig 2.—Peak latency distribution of wave N1 in relation to age. Lower line ıs 
regression line; upper line is limit of normal set at 2.5 times standard deviation of 
regression line. Numbers indicate value occurring repeatedly at same point on 
graph. 
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among the midline and lateral occip- 
ital recordings (Table). Also, the peak 
latencies of VERs obtained with stim- 
ulation of the right eye were similar to 
those obtained with stimulation of the 
left eye. i 

The analysis of the effect of age on 
the latencies of the VERs revealed 
some interesting findings. As shown 
in Fig 2, the latencies of waves N1 
increased with advancing age. Re- 
gression analysis of these data showed 
a greatly sloped regression line. The 


O 
Lu 
N 
= 


IN 


LATENCY 


20 30 


RGE:-EN 


age effect was highly significant 
(t = 7.34, P < .001). A similar highly 
significant increase of latency with 
aging was observed for wave P1 
(t = 5.75, P < .001) (Fig 3). 

The relationship between age and 
amplitude of the VERs is shown in 
Fig 4 and 5. There was no significant 
effect of age on the amplitude of 
waves N1 and P1. Similarly, there was 
no significant relationship between 
the amplitude of the deflections and 
their latencies. The age effect was not 


40 50 


YEARS 


Fig 3.—Peak latency distribution of wave P1 in relation to age. 
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limited to the VER latencies; it also 
influenced the critical frequency of 
photic driving response expressed in 
flashes per second (Fig 6). CFPD was 
inversely correlated with age. The 
mean value between ages 20 and 30 
was 72 flashes per second; between 
ages 30 and 60, 68; above age 60, 60 f. 
Regression analysis of these changes 
confirmed their statistical signifi- 
cance (t = 4.84, P < .001). 


COMMENT 


The validity of our working hypoth- 
esis—that aging may influence the 
central nervous system pathways in a 
way comparable to its effect on 
peripheral nerves—is supported by the 
present data. Statistically significant 
slowing of latencies were demon- 
strated. Similar findings were noted 
by Asselman et al.° These authors 
reported prolonged latencies of VER 
to pattern reversal in subjects above 
age 60. The increased latency of the 
major deflections of the VER proba- 
bly reflects a slowing of conduction 
velocity in the optic nerve or optic 
pathways or both. Recordings in 
patients with lesions of the visual 
pathways have shown that the great- 
est delays of VER peaks are observed 
in cases with demyelinating lesions of 
the optic nerve.>-7 | 

The decrease in conduction velocity 
may be caused by segmental demyeli- 
nation of the optic pathways or by a 
decrease in effectiveness of myelina- 
tion as age progresses. Myelin remod- 
eling is a constant ongoing process, 
and there is evidence of defective 
myelin regeneration with advancing 
age.“ Changes in the internal and/or 
external ionic content or differences 
in core body temperatures may also 
occur with aging and produce slowing 
of conduction velocity.*” Loss of some 
axons may also be related to aging. 
Biochemical studies in man have 
shown a definite decrease in the 
content of protein and lipid in the 
brain after the sixth decade of life.° 
Corpora amylacea are seen in the 
intracranial part of the optic nerve 
and optic chiasma of man with ad- 
vancing age." 

Another possible explanation of the 
prolongation of latencies is that they 
occur in the retina or in the geniculate 
body, the primary and nonprimary 
cortex. Neuronal changes in these 
structures may result in depression of 
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Fig 4.—Amplitude distribution of wave N1 in relation to latency (left) and age (right). 
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Fig 5.—Amplitude distribution of wave P1 in relation to latency (left) and age (right). 


synaptic transmission and consequent 
synaptic delay. Substantial cell loss in 
the visual cortex during the fifth 
decade of life has been noted in 
man.*’:'? Neurofibrillary degenera- 
tion, shrinkage of dendritic arbor, loss 
of dendritic spines, and decrease of 
extracellular space have also been 
reported to occur in aging.*® 
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There are, therefore, many indica- 
tions that aging is an important vari- 
able that must be taken into account 
when establishing boundaries of “nor- 
mality” of central nervous system 
function. 

A continuous ascending slope placed 
at 2.5 times above the standard devia- 
tion of the regression line has proved 





an effective boundary of normality 
for the evaluation and diagnosis of 
optic nerve pathology.’ Considerable 
controversy exists in the literature 
regarding the effect of age on the 
amplitude of VER. Perry and Chil- 
ders'* reported a decrease in size with 
increasing age, while Kooi and Bag- 
chi and Dustman and Beck" stated 
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Fig 6.—Evoked responses at different flash frequency monocular stimulation of right eye in 21-year-old subject. 
Each response is summation of 256 samples averaged for 204.8 msec. Number on left of response indicates flash 
frequency per second. Dots represent stimulus artefact. Note sinusoidal response up to frequency of 62 flashes per 
second and absence of response at 76 flashes per second 


that higher amplitudes were seen in 
elderly individuals. Our results show 
no statistically significant correlation 
between the two variables. 

CFPD may represent the electro- 
physiological counterpart of critical 
flicker fusion. As critical flicker 
fusion decreases with age," it is then 
not surprising that CFPD also de- 
creases in the elderly. 
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Another interesting facet of this 
study is the finding that VER to 
flashes can be obtained at frequencies 
well above the psychophysiological 
critical flicker fusion. This phenom- 
enon was present at every age, but it 
was most striking in the second and 
third decade of life. Thus, subjects 
reporting that they saw a white, 
nonflickering light at frequencies of 


References 


iological test for the diagnosis of optic nerve 
lesions. Neurology, to be published. 

8. Wisniewski HM, Terry RD: Neuropathology 
of aging brain, in Terry RD, Gershon S (eds): 
Neurobiology of Aging. New York, Raven Press, 
1976, pp 265-280. 

9. Strehler BL: Aging and the human brain, in 
Terry RD, Gershon S (eds): Neurobiology of 
Aging. New York, Raven Press, 1976, pp 1-22. 

10. Himwich WA: Neurochemical patterns in 
the developing and aging brain, in Rockstein M, 
Sussman ML (eds): Development and Aging in 
the Nervous System. New York, Academic Press 
Inc, 1973, pp 151-169. 

11. Andrew W: The Anatomy of Aging in Man 
and Animal. New York, Grune & Stratton Inc, 
1971. 

12. Brody H: Aging of the vertebrate brain, in 
Rockstein M, Sussman ML (eds): Development of 
Aging in the Nervous System. New York, 
Academic Press Ine, 1973, pp 121-133. 

13. Perry NW, Childers DG: The Human 


60 to 65 flashes per second had VERs 
evoked by flickering light up to 72 to 
100 flashes per second. Similar find- 
ings were reported by van der Tweel 
and Verduyn Lunel,” Spekreijse,'* 
and Regan. This may signify that 
although fast flicker information is 
carried to the cortex, it is not effec- 
tively available to the mechanisms of 
perception. 


Visual Evoked Response. Springfield, Ill, Charles 
C Thomas Publisher, 1969, p 187. 

14. Kooi KA, Bagchi BK: Visual evoked 
responses in man: Normative data. Ann NY 
Acad Sei 112:254-269, 1964. 

15. Dustman RE, Beck EC: Visually evoked 
potentials: Amplitude changes with age. Science 
151:1018-1014, 1966. 

16. Simonson E, Blankstein SS: The influence 
of age on the fusion frequency of flicker. J Exp 
Psychol 29:252-255, 1941. 

17. Van der Tweel LH, Verduyn Lunel HFE: 
Human visual responses to sinusoidally modu- 
lated light. Electroencephalogr Clin Neurophysiol 
18:587-598, 1965. 

18. Spekreijse H: Analysis of EEG Responses 
in Man Evoked by Sine Wave Modulated Light, 
thesis, Amsterdam, 1966, p 163. 

19. Regan D: A high frequency mechanism 
which underlies visual evoked potentials. Electro- 
encephalogr Clin Neurophysiol 25:231-237, 1968. 


Visual Evoked. Responses—Celesia & Daly 407 


The Spectrum of Mild X-Linked 
Recessive Muscular Dystrophy 


Steven P. Ringel, MD; James E. Carroll, MD; S. Clifford Schold, MD 


è We present 19 patients from 12 
families with mild (Becker) X-linked 
recessive dystrophy and compare them 
with previously described cases. Features 
in common in the majority of patients 
include onset after the age of 7 years, 
walking beyond the age of 20 to 30 years, 
mild hypertrophy of the calves, mild joint 
contractures, and high arched feet. Psy- 
chometric tests, EEGs, and ECGs were 


F 1868, Duchenne described a pro- 

gressive form of muscular dystro- 
phy (MD), which was later determined 
to be transmitted in an X-linked 
recessive pattern. The clinical fea- 
tures were quite uniform, including 
an onset of pelvic-girdle weakness 
before the age of 5 years, the presence 
of muscular pseudohypertrophy, rapid 
progression, and death before the end 
of the second decade. 

In the last decade, a number of 
families have been described that 
have an X-linked recessive form of 
MD, but with a more benign and 
prolonged course. Becker”? considered 
this mild variety of MD, which is 
estimated to occur in 10% of X-linked 
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usually normal. Muscle biopsy specimens 
showed a combination of features, some 
more characteristic of severe (Duchenne) 
X-linked dystrophy and others more com- 
monly seen in limb girdle dystrophy. 
Although there was some variation in the 
severity between different families, within 
any one kindred, the clinical picture was 
quite similar. 
(Arch Neurol 34:408-416, 1977) 


pedigrees,’ to be a separate condition 
and not just a variant of Duchenne 
type MD. Numerous single family 
case reports have suggested that, 
unlike Duchenne dystrophy, which has 
a rather uniform presentation and 
course, mild X-linked MD seems to 
comprise a phenotypic spectrum ho- 
mogeneous within a family but vari- 
able in onset and course in different 
families.’ One author has even sug- 
gested that three distinct varieties of 
mild X-linked dystrophy exist. The 
major difficulty of all previous de- 
scriptions has been the small number 
of cases and the lack of uniform anal- 
ysis. 

The purpose of this report is to 
describe in detail the clinical and 
pathological spectrum of mild 
X-linked dystrophy. We have investi- 
gated 12 families, with 19 men having 
mild X-linked dystrophy, and have 
compared them with previous de- 


scriptions of this entity. 

Patients were selected from those 
attending a muscular dystrophy clinic. 
Criteria for inclusion in the study 
were (1) survival past 32 years of age 
or preserved walking past 16 years of 
age in either the patient or an 
affected male relative and (2) family 
pedigree compatible with an X-linked 
recessive inheritance.’ The latter was 
divided into another two groups: (1) 
presence of an affected male relative 
in another maternally related sibship 
or (2) an elevated creatinine phospho- 
kinase (CPK) level in an unaffected 
first degree female relative. Group A 
comprises ten patients from six fami- 
lies, and Group B has nine patients 
from six families. 


REPORT OF CASES 
Group A, Family 1 


Case 1.—This 19-year-old man has been 
unable to run as fast as other children for 
as long as his family can remember. Prox- 
imal weakness has been very gradually 
progressive and associated with leg 
cramps. He currently walks with a wad- 
dling gait and has trouble ascending stairs 
but is working full time as a printer. Mild 
Achilles contractures and lordosis have 
been noted in the past few years. His 
intelligence is average. 

Case 2.—This 7-year-old boy (Fig 1) is the 
maternal first cousin of patient 1. He was 
first noticed to have clumsiness of gait 
between 2 and 8 years of age. He is 
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Fig 1.—Left and right, Contracture of right heel cord is prominent 
in this 7-year-old boy who clinically resembles a child with 
Duchenne dystrophy. Calf hypertrophy was first noted at age of 3 


years. 


currently 7 years old and walks with a mild 
waddling gait. Proximal weakness is mild 
and he toe walks because of early Achilles 
contractures. Calf hypertrophy and mild 
pes cavus have been present since the 
disease was first detected. He is attending 
school, but has a dull-normal IQ. 

Case 3.—This 19-year-old man is a 
maternal second cousin of patients 1 and 2. 
Symptoms of incoordination were first 
noted by his mother at the age of 4 years. 
Calf hypertrophy, Achilles contractures, 
and pes cavus were noted early in the 
course. His walking is now limited, but he 
attends school on a full-time basis. His IQ 
is 90. 


Group A, Family 2 


Case 4.—This 6-year-old boy’s parents 
first noted toe-walking at the age of 4% 
years. Findings of the physical examina- 
tion at that time showed large calves and 
triceps, slightly increased lumbar lordosis, 
early Achilles contractures, and mild prox- 
imal weakness. His development had other- 
wise been normal. Family history was 
remarkable in that both a maternal great- 
grandfather and a maternal uncle have 
some form of muscle disease that re- 
stricted them to a wheelchair in middle 
adult life. A maternal first cousin has been 
evaluated elsewhere for “muscular dystro- 
phy” and the patient’s sister has an 
elevated serum CPK level. Presently, he is 
fully ambulatory and attending school. 


Group A, Family 3 


Case 5.—This 35-year-old man is now 
confined to a wheelchair because of slowly 
progressive muscular weakness that began 
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years, although he could never run as fast as other children and 


has had large calves since childhood. 


Fig 3.—This characteristic pes cavus 
deformity was present in 12 of 19 patients 
examined. 


at about the age of 8 years. He has been 
unable to walk since the age of 13 years, 
and kyphoscoliosis and multiple contrac- 
tures have developed since then. Two 
brothers (patients 5 and 6) are similarly 
affected as is a male maternal first cousin. 
This patient is of above average intelli- 
gence. 

Case 6.—This 40-year-old man has been 
unable to walk since he was 15 years old 
due to slowly progressive weakness that 
began around the age of 8 years. Calf 
hypertrophy was noted at an early age as 
were early joint contractures. Marked 
kyphoscoliosis and Achilles contractures 
are now present. His intelligence is 
superior. 

Case 7.—This is the brother of patients 1 
and 2. He noticed difficulty walking at 
about the same age his brothers did. 
However, he maintained the ability to walk 
until he was 21 years old, ten years ago. He 


also is of above average intelligence. Since 
he has been confined to a wheelchair, both 
scoliosis and Achilles contractures have 
developed. Calf hypertrophy, which was 
noted at an early age, has diminished 
through the years, as it has in his broth- 
ers. 


Group A, Family 4 


Case 8.—This 40-year-old man has a 
history of progressive gait disturbance and 
proximal weakness since grade school. He 
had three affected brothers and three 
affected maternal uncles, all of whom died 
of complications of their muscle disease in 
midadulthood; the oldest was 55 years old. 
Our patient became wheelchair-bound at 
the age of 21 years, and knee and ankle 
contractures have developed. No specific 
mention was made of calf hypertrophy, pes 
cavus, or macroglossia on his last visit, and 
he has been lost to follow-up studies. 


Group A, Family 5 


Case 9.—This 29-year-old man has had 
slowly progressive proximal weakness 
since the age of 17 years. He noticed calf 
hypertrophy at a much earlier age. High- 
arched feet and mild excessive lordosis 
have also been present for many years. He 
has a brother and a male maternal cousin 
similarly affected. His intelligence is 
normal, and he is currently working full 
time doing clerical work. 


Group A, Family 6 


Case 10.—This 21-year-old man has a 
history of progressive gait disturbance 
since the age of 6 years. An older brother 
and a male maternal cousin are similarly 
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Table 1.—History 











Age 
at Last Age at Age at 
Evaluation, yr Onset, yr Loss of Walking, yr 


4 
8 


Current 


Patient Activity Family History 


7 
4 6 Still walking School Affected maternal uncle and great-grandfather 


5 40 15 Homebound Sister with increased CPK level, affected male 
maternal first cousin 


6 35 8 13 Homebound Sister with increased CPK level, affected male 
maternal first cousin 

T 31 8 21 Homebound Sister with increased CPK level, affected male 
maternal first cousin 

8 40 10 21 Unknown 3 maternal uncles and 3 brothers affected 

9 30 17 Still walking Working Affected brother, maternal uncle and male 


maternal first cousin 





Business 





Daughter has increased CPK levels 









Still walking 


14 24 F 23 Mother and daughter have increased CPK levels 
15 18 7 Still walking School Brother of patient 14 and 16 

16 22 9 Still walking School Brother of patient 14 and 15 

17 29 16 Still walking Working Daughters have increased CPK levels 

18 20 2-3 Still walking Working and school Sister has increased CPK level 


Barely walking Working Daughters have increased CPK levels 





Table 3.—Laboratory Data 


Creatinine Wechsler Adult 
Glucose-6-Phosphate Red-Green Phosphokinase Intelligence Scale 
Dehydrogenose Color-Blind Electro- Level, Times and Intelligence 
Patient Deficiency Test myogram Normal Value EEG ECG Scale for Children 
1 ND* ND ND 30 ND Possible left Full scale IQ, 90 
ventricular 
enlargement 
2 Negative Negative ND 3-6 Normal Normal ND 
3 Negative Negative ND 30 Normal Normal Performance 
1Q, 87; verbal 
1Q, 84; and full 
scale IQ, 84 
4 Negative Negative ND ND Normal Abnormal: ND 
right ventricular 
conduction defect, 
interior Q waves 
5 Negative Negative ND ND ND ND ND 
6 Negative Negative ND ND ND Possible ND 
left atrial 
and ventricular 
enlargement 
7 Negative Negative ND ND ND ND ND 
8 ND ND ND ND ND ND ND 
9 Negative Negative BSAPT 6-7 Normal Normal ND 
10 ND ND BSAP 40 ND ND Normal 
11 ND ND ND 30 Disorganized Normal ND 
12 ND ND ND 20 Normal Normal Full scale IQ, 80 
13 Negative Negative ND 5 Normal Possible right ND 
ventricular 
enlargement 
14 Negative Negative ND 10 Normal Possible right ND 
ventricular 
enlargement 
15 ND ND BSAP 17 ND Normal Verbal IQ, 84; 
performance IQ, 
80; full scale IQ, 80 
16 Negative Negative ND 11 ND Normal Verbal IQ, 94; 
full scale IQ, 87; 
performance, 82 
17 Negative Negative BSAP 14 Normal Nonspecific ND 
ST-T changes 
18 Negative Positive ND 30 Normal Abnormal: inferior ND 
Q waves 
19 ND ND BSAP 3 ND ND ND 


* ND indicates test not done. 


+ BSAP indicates brief, small amplitude polyphasic potentials. 


aS eer 


Table 2.—Physical Examination Results 
Patient Contractures Lordosis Scoliosis Pes Cavus Macroglossia 


Achilles + 
Achilles 
Achilles 
Mild Achilles 
Achilles and knees = 





Peabody Test 
ND 


102 
ND 


105 


137 
122 


128 
ND 
120 
ND 

85 

86 
132 


123 


ND 


ND 


136 
116 


ND 


Pseudohypertrophy 


1 Calves 
Calves 
Calves 
4 Calves, triceps 
5 Calves 
6 None 


Calves 


Bender-Gestalt Test 


ND 


Normal 
ND 


Normal 


Normal 
Normal 


Normal 

ND 

Normal 

ND 

Abnormal (—9) 
Normal 
Normal 


Normal 


ND 


ND 


Normal 
Normal 


ND 
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affected and all three are walking in their 
20s. Marked pes cavus is present in this 
patient as well as mild Achilles contrac- 
tures. He-has not been seen here since 1974 
so formal psychometric testing could not be 
done, and his exact current activities are 
not known. 


Group B, Family 7 


Case 11.—This is a 17-year-old boy who 
was noted almost incidentally by a neurol- 
ogist at the age of 10 years to have mild 
proximal weakness and bilateral calf 
hypertrophy. The family at that time 
offered no complaints, but when specifi- 
cally asked, acknowledged that the child 
had never been as athletic as the other 
children. Evaluation showed an elevated 
CPK level and a myopathie biopsy speci- 
men. Since the initial diagnosis was made 
he has had slight progression of his illness 
and now has difficulty climbing stairs. He 
has had some trouble in school, and his IQis 
dull-normal. 

Case 12.—This is the brother of patient 
10 who was initially examined at the age of 
14 years at our request. Again, the family 
had no particular complaint except that 
since about the age of 8 years, he has not 
been as athletic as his friends. He had mild 
proximal weakness, calf hypertrophy, and 
slight macroglossia. Both his sister and his 
mother have elevated CPK levels. This 
child is also slow in school, and his intelli- 
gence is dull-normal. 


Group B, Family 8 


Case 13.—This 30-year-old man who is 
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7 Calves Achilles and knees oi + + + 
(wheelchair) 
(wheelchair) 
10 Calves None = ~ = = 
12 Calves Achilles + + 1 + 
15 Calves Achilles + + + + 
Calves Achilles + =< + = 


17 Calves Non — 
18 Achilles and knees 


+ — , 
19 Calves Achilles — + = 


active in the local business community was 
first noted to be clumsy at about the age of 
2 years. In spite of his difficulty, he partic- 
ipated in athletics throughout his school 
years. Large calves were noted at an early 
age. His current disability is mild and 
limited mainly to climbing stairs and 
arising from chairs. Marked calf hyper- 
trophy is still present as are mild excessive 
lordosis and pes cavus. He is a college 
graduate and his intelligence is above aver- 
age. One of his two daughters has a persis- 
tently elevated CPK level without appar- 
ent clinical deficit. 


Group B, Family 9 


Case 14.—This man, who is now 24 years 
old, first had difficulty at about the age of 
7 years when his parents noted excessive 
falling. Findings of the physical examina- 
tion showed large calves and moderate 
proximal weakness, and a diagnosis of 
Duchenne dystrophy was made. In the 
ensuing years, he has gradually deterio- 
rated but was able to walk until the age of 
23 years. Lordosis, scoliosis, pes cavus, and 
macroglossia are all present. Family histo- 
ry is notable in that he has two affected 
brothers and both his mother and his 
daughter have elevated CPK levels. 

Case 15.—This boy was last evaluated at 
the age of 18 years. He is the brother of 
patient 13 and was first seen at the age of 
7 years simply because of his brother’s 
diagnosis. Stigmata of pseudohypertrophic 
muscular dystrophy were noted at that 
time, in spite of the fact that the parents 
had seen no difficulty. His weakness, 
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Fig 4.—Ten-micron fresh frozen serial cryostat cross sections of muscle taken from 
7-year-old boy (patient 2) with moderately severe weakness. Left, There is marked 
variation in fiber size, opaque fiber (thick arrow), occasional internal nuclei, and marked 
proliferation of connective tissue (modified trichrome). Center, Nicotinamide adenine 
nucleotide dehydrogenase-tetrazolium reductate shows preservation of intermyofibrillar 
network (double-headed arrow). Right, pH 9.4 ATPase confirms variation of fiber size in 
both fiber types. Two split fibers can be seen when observed serially (double-headed 
arrow) ( X 108). i 


Fig 5.—Serial sections of muscle from 29-year-old patient with mild weakness. Left, 
There is mild variation in fiber size, numerous internal nuclei, an occasional necrotic 
fiber (thick arrow), and no significant increase in connective tissue (modified trichrome). 
Center, Nicotinamide adenine nucleotide dehydrogenase-tetrazolium reductate shows 
no disruption of intermyofibrillar network. Right, pH 9.4 ATPase shows variation in fiber 
size of both fiber types. Numerous split fibers can be traced serially (thin arrows) 
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Fig 6.—Opaque fibers (arrows) commonly 
seen in Duchenne dystrophy were seen in 
about half of patients, particularly those 
with early onset and more severe involve- 
ment (modified trichrome, xX 270). 


Fig 7.—Grouped basophilic fibers (ar- 
rows), another feature characteristic of 
Duchenne dystrophy, was seen in five 
patients. These have large vesicular nuclei 
and stain purple with the modified tri- 
chrome method ( x 240). 
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Patient Biopsy,yr Typel Type ll Type! Typell 


Table 4.—Muscle Biopsy Specimens 


Hypertrophy Pyknotic 
Internal Opaque Nuclear 
Nuclei Fibers Clumps 

3+ 2+ 2+ + 


2+ 2+ ar 3+ 3+ 0 


0 
3 7 2+-3+ 2+-3+ + 2+ 2+ 2+ 0 +, grouped aT 2+ 2+ 
4 5 2+-3+ 2+-3+ 0 + + 3+ 0 2+, grouped 2+ + +-2+ 
11 14 2+ 2+ 0 + + + 0 3+, grouped + +, grouped +-2+ 
13 24 3+ 3+ 0 + 3+ 0 0 2+, grouped +-2+ + 2+ 


14 24 3+ 3+ F 2+ 3+ 3+ 0 2+ 2+ + 3+ 
17 29 2+ 2+ 2+ er 3+ 0 0 + 3+ + g 
19 37 - +-2+ 2+ er 3+ 0 + F 2+ + 2+ 


* + indicates mild or rare; 2+, moderate or occasional; 3+, severe or many. 


mainly confined to the legs, has progressed 
slowly since that time, but he is still 
walking. Intelligence is slightly below 
average. 

Case 16.—This young man is 22 years old 
and is the sibling of patients 13 and 14. The 
circumstances of his diagnosis were the 
same as in his brother—an asymptomatic 
examination initiated by his oldest broth- 
er’s diagnosis. He is currently moderately 
weak but walking and attending school. 
His intelligence is dull-normal. 


Group B, Family 10 


Case 17.—This 29-year-old man (Fig 2) 
was evaluated because of gradually in- 
creasing weakness since the age of 17 
years. He acknowledged that his calves 
were large since childhood, and that he 
could never run as fast as other children. 
Family history is notable in that his 
daughter has an elevated CPK level. He 
currently is moderately impaired with a 
lordotic waddling gait, bilateral calf hyper- 
trophy, and proximal leg and arm weak- 
ness. 


Group B, Family 11 


Case 18.—This man, who is now 33 years 
old, first noted leg weakness at the age of 
16 years. This gradually progressed and he 
currently has moderate weakness through- 
out, mainly proximal and in the legs. Calf 
hypertrophy has been noted since at least 
the age of 24 years. Family history is 
negative, but the patient’s daughter has a 
CPK level five times the normal level. He 
continues to work as a shoe repairman. 


Group B, Family 12 


Case 19.—This 20-year-old man has never 
walked normally and has never been able 
to run as fast as other children. Weakness, 
especially in the legs, has been gradually 
progressive during his life, and he current- 
ly has rather marked difficulty arising 
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from a chair and ascending stairs. Large 
calves were noted on his initial evaluation. 
He is working as an electrical inspector and 
attending school at night. His sister is 
asymptomatic but has an elevated CPK 
level. 


MATERIALS AND METHODS 


Patients were evaluated in detail for 
degree of atrophy and weakness using the 
standard Medical Research Council five- 
point grading system. The presence of 
contractures, calf hypertrophy, pes cavus 
deformity, scoliosis, and macroglossia were 
recorded. Laboratory studies included se- 
rum CPK levels measured in 14 patients, 
electrocardiography in 14, electromyog- 
raphy in five, and electroencephalography 
in ten patients. The presence of erythro- 
cyte glucose-6-phosphate dehydrogenase 
(G-6-PD) was determined in 12 patients. 
Red-green color vision was tested in 12 by 
means of pseudoisochromatic plates. 
Sereening psychometric testing was per- 
formed in 16 patients using the Peabody 
Picture Vocabulary Test and the Bender- 
Gestalt Test. Formal psychometric testing 
was carried out in individuals who showed 
evidence of intellectual impairment. Mus- 
cle biopsies were performed in 11 patients. 
Fresh frozen, 10-» cryostat serial sections 
were examined with a battery of 12 
morphological and histochemical stains.** 


RESULTS 
Clinical Observations 


The patients’ histories are described 
in Table 1. These patients ranged in 
age from 6 years to 43 years. Age of 
onset was from 2 to 10 years in group 
A and 2 to 16 years in group B, with an 
overall average onset age of 7 years. 
In group A, four patients were no 
longer walking. The average age of 
loss of walking in these four patients 
was 17'4 years. In group B, one patient 


Basophilia 
2+, grouped 2+ + 2+ 


Splits Necrosis Fibrosis 


0 3+ + +-2+ 





had stopped walking at the age of 23 
years. In group A, three patients are 
severely handicapped enough to be 
homebound. The current activities of 
two are not known, and the remainder 
of the patients are actively participat- 
ing in either school or business and 
are mildly to moderately disabled by 
the weakness. No patient observed in 
this study has died. Calf hypertrophy 
was noted by the family by 10 years of 
age in all patients except one. 

Physical examination results are 
recorded in Table 2. In both groups A 
and B, all patients except one (family 
4, case 8) had calf muscle hypertrophy. 
The hypertrophy, however, was never 
marked (Fig 1 and 2). The youngest 
patient, 5 years old, also has triceps 
muscle hypertrophy. With increasing 
age, hypertrophy of the muscles 
tended to disappear. One patient, 35 
years old (family 3, case 5), had lost 
the calf hypertrophy. In group A, nine 
of ten patients had Achilles tendon 
contractures. Five of the patients had 
contractures at other joints. In group 
B, seven of nine patients had ankle 
contractures, and two had contrac- 
tures of other joints. In general, the 
contractures were mild. Four patients 
in group A had compensatory lordosis. 
Four of the remaining six patients 
were in wheelchairs. Eight of nine 
group B patients had significant 
lordosis. Two patients in group A, who 
were in wheelchairs, had scoliosis. 
Five group B patients had mild scolio- 
sis. Pes cavus deformity was noted in 
seven group A patients and five group 
B patients (Fig 3). Macroglossia was 
seen in two group A patients and four 
group B patients. 
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No. of Age of 
Study Patients Onset, yr 

Shaw et alë l 21 1-45 
Markland et al?! 4 7-21 
Mabry et al® 9 11-13 
Zellweger'® 8 1%-15 
Becker‘ 11 1%31 
Emery et al?4 41 21-21 


* NR indicates not recorded. 


Laboratory Data 


Serum CPK levels were markedly 
elevated in all patients tested (Table 
3). Since CPK levels were measured at 
different times over a period of 
several years and the normal range 
varied, the percent over normal rather 
than the specific value is reported. 
Levels, in general, decreased with 
increasing age. The ECGs were within 
normal limits in 12 patients. Two 
patients showed pathologic Q waves in 
the inferior leads. The electromyo- 
gram (EMG) showed brief duration, 
small amplitude potentials in all mus- 
cles of the five patients examined. 
Nerve conduction velocities were nor- 
mal. The EEGs were normal in nine of 
ten patients. One patient showed 
moderate nonspecific disorganization 
of the record. All 12 patients tested 
for G-6-PD deficiency were found to 
be normal. Red-green color blindness 
was found in one of 12 patients. Six of 
16 patients tested with various combi- 
nations of psychological intelligence 
tests were found to be abnormal. 
These abnormalities tended to be in 
the dull-normal range. 


Muscle Biopsy Specimens 


All muscle biopsy specimens showed 
an increased variability in the size of 
muscle fibers (Table 4). The amount of 
atrophy seen was greater than the 
degree of hypertrophy, but both 
atrophic and hypertrophic fibers were 
present in all biopsy specimens (Fig 4 
and 5). The atrophic fibers were 
round, with no small angular fibers 
seen. Large, rounded opaque fibers 
were present in over half of the biopsy 
specimens (Fig 6). Fiber-type differ- 
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Table 5,—Summary of Most Complete Previous Reports of Mil 


4 


No. (%) of Patients With 


Age of 
Inability Pseudohyper- Mental Abnormal Abnormal 
to Walk, yr trophy Contractures Deficit EEG ECG 

14-45 13(62) 13(62) 1(5) NR NR 
34 (1 patient) 4(100) NR* NR NR 3(75) 
33 (1 patient) 6(75) 0(0) NR NR 4(57) 
30-35 (2 patients) 7(100) 3(75) 2(100) 1(50) 2(100) 
47 (1 patient) 11(100) NR 0(0) NR NR 
12-38 41(100) 7(17) NR NR 1(5) 


entiation was good, and there did not 
appear to be any selective fiber-type 
involvement, type-grouping, or group 
atrophy. Internal nuclei were present 
in all cases and were frequently 
numerous (Fig 5, left). Vesicular 
nuclei were also seen in all cases, 
usually in basophilic fibers (Fig 7). 
Degenerative changes were present in 
all biopsy specimens, but necrosis and 
phagocytosis were usually mild. Baso- 
philic fibers were present in all but 
one biopsy specimen. In five cases, 
these were grouped as is frequently 
seen in early Duchenne dystrophy 
(Fig 7). Numerous split fibers were 
seen (Fig 4 and 5). Proliferation of 
endomysial and perimysial connective 
tissue was present to a varying degree 
in all cases (Fig 4 and 5). No signifi- 
cant inflammatory response occurred. 
In general, the intermyofibrillar net- 
work was preserved, with only rare 
motheaten and whorled fibers present 
(Fig 4, center and 5, center). No ring 
or target fibers were noted. 

In summary, the predominant path- 
ological features were variation in 
fiber size, numerous internal nuclei 
and split fibers, and a moderate 
amount of degeneration, regenera- 
tion, and proliferation of connective 
tissues. Grouped basophilic fibers and 
opaque fibers, two features common 
in Duchenne dystrophy, were present 
in about half of the biopsy spec- 
imens. 


COMMENT 
The most widely accepted classifica- 
tion of X-linked recessive MD 


describes two types, a severe or malig- 
nant form, referred to as Duchenne 


pseudohypertrophic MD, and a mild or 
benign form, also referred to as 
Becker MD. In Becker’s original 
description, he suggested that the 
mild form, which differed from Du- 
chenne MD by later onset, slower 
development of clinical manifesta- 
tions, and longer survival, was a 
disease entity distinct from Duchenne 
dystrophy.?* Although some investi- 
gators have not distinguished be- 
tween the two types and have consid- 
ered them variants of the same 
disease,''? evidence has accumulated 
that seems to justify classifying mild 
X-linked MD as a separate enti- 
ty 3514 

In support of this, Emery has cited 
evidence that the genes for the benign 
and severe forms of MD are not allelic. 
His linkage studies suggest that the 
mild (Becker) and severe (Duchenne) 
mutants have to be assigned to two 
distinct loci that differ in the distance 
they are separated from other X- 
linked traits: red-green color blind- 
ness, G-6-PD deficiency, and the X, 
blood groups.'*° In our patients, only 
one was red-green color blind, and 
none had G-6-PD deficiency, so that 
we were unable to determine any 
linkage relationships. 

Clinical findings of the most com- 
plete previous reports of Becker's 
dystrophy are summarized in Table 5. 
The range of age of onset in our 
patients was similar to those previous- 
ly described. The parent’s awareness 
of the disease was obviously a major 
factor in determining age of onset. 
Muscular pseudohypertrophy of the 
calves was seen in nearly all of our 
patients (Fig 1 and 2), although this 


Muscular Dystrophy—Ringel et al 





X-Linked Dystrophy 


Paraffin 
Biopsy Specimens 


Comments 


NR 11 of 21 patients seen and examined 


\ 


4 of 4specimens abnormal, 
Duchenne-like 

6 of 6 specimens abnormal, 
Duchenne-like 

2 of 2 specimens abnormal, 
Duchenne-like 


Single family with X-linked pedigree 
Single family with extensive X-linked pedigree 


Single family, 7 of 8 patients examined 


NR 4 of 11 patients had pes cavus. Second family not reported 
in sufficient detail to chart 
NR 10 families, with 29 patients alive at time of study 


was less prominent than is frequently 
seen in Duchenne MD. On the other 
hand, at least two previous reports 
have been specific about its ab- 
sence.'*'* Mild contractures and lordo- 
sis were frequent findings in our 
patients. Scoliosis occurred in patients 
who were in wheelchairs. In one 
family in which three patients were 
confined to a wheelchair, contractures 
were of a fairly severe degree. Other 
authors (Table 5) have described a 
similar variation in the degree of 
contractures seen. An often noted 
finding in our patients was a high- 
arched foot (Fig 3). This pes cavus 
deformity, as originally mentioned by 
Becker, was a helpful diagnostic 
point. 

The incidence of mental retardation 
among patients with Duchenne dys- 
trophy is quite high, more than 50% in 
many series.'*'* Furthermore, there 
seems to be a high concordance for 
level of intelligence among the af- 
fected members in a single family 
carrying the gene for Duchenne MD.” 
There were no patients with mild 
X-linked MD in this study who were 
clearly retarded, and many were of 
superior intelligence. Six patients 
were in the dull-normal range. Al- 
though low intelligence quotients 
have been found in mild X-linked MD, 
the incidence of this has not been 
shown to be higher than in the popula- 
tion at large (Table 5). 

Mild, nonspecific EEG abnormali- 
ties have been noted in a significant 
percentage of patients with Duchenne 
dystrophy. In contrast, only one 
patient with Becker MD in this study 
had an abnormal EEG. In other 
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reports of mild X-linked dystrophy, 
abnormal EEGs have been infrequent 
(Table 5). 

Cardiac muscle is frequently in- 
volved in Duchenne MD, with an inci- 
dence of electrocardiographie abnor- 
malities in as high as 80% of 
patients.” On the other hand, in this 
series, only two of 14 patients with 
mild X-linked MD had abnormal 
ECGs. Abnormalities have been de- 
scribed in the ECGs of some cases of 
mild X-linked MD (Table 5), although 
Becker did not note this in his fami- 
lies. Further observations will have to 
be made in mild X-linked MD to 
clarify the amount of cardiac disease 
in this entity. 

Findings of CPK analysis and the 
EMG in mild X-linked MD were 
similar to those seen in Duchenne MD 
and were not helpful in distinguishing 
between these conditions. 

Recently, it has been suggested that 
mild X-linked MD should be further 
divided into three subtypes based on 
(1) the different ages of onset, (2) the 
presence or absence of pseudohyper- 
trophy, (3) the presence or absence of 
early contractures, and (4) the severi- 
ty of cardiac involvement.*:'* While 
there is no doubt that the benign 
variety of X-linked MD is not homoge- 
neous, our data does not seem to 
support a division into distinct clinical 
subtypes. 

Previous authors have suggested 
that the muscle biopsy specimen in 
mild X-linked dystrophy so closely 
resembles early biopsy specimens 
from Duchenne MD that they cannot 
be distinguished."-*' In our cases, the 
majority of the muscle biopsy spec- 


imens were not identical with the 
features seen in Duchenne MD. They 
showed changes that were a combina- 
tion of features that have been 
described in Duchenne and limb girdle 
dystrophy*** (Table 4). All muscle 
biopsy specimens showed an increased 
variability in fiber size. There were 
many small atrophic fibers, but mild 
hypertrophy was also seen (Fig 4 and 
5). Large, rounded opaque fibers, a 
feature characteristic of Duchenne 
MD, were present in half of the biopsy 
specimens (Fig 6). Fiber-type differ- 
entiation was not impaired, as is often 
seen in Duchenne biopsy specimens. 
No selective type I fiber predomi- 
nance, as has been described in both 
Duchenne and limb girdle dystrophy, 
was seen. Internal nuclei and split 
fibers were profuse, a feature more 
commonly seen in limb girdle dystro- 
phy than in Duchenne dystrophy. 
Basophilic fibers were seen in all 
biopsy specimens; small groups of 
basophilic fibers, seen in many Du- 
chenne biopsy specimens, were pres- 
ent in five patients (Fig 7). Changes 
in the architecture of the intermyofi- 
brillar network were uncommon, as in 
Duchenne dystrophy. Motheaten and 
whorled fibers, commonly seen in limb 
girdle dystrophy, were rarely seen. 
Fibrosis was present in most biopsy 
specimens and occasionally was severe 
(Fig 4 and 5). 

Some of the biopsy specimens could 
be assigned to either a limb girdle-like 
or a Duchenne-like pattern on the 
basis of the features noted previously. 
The patients with the limb girdle 
pattern tended to be both somewhat 
older and less severely affected. 
Although this suggests that mild 
X-linked MD consists of at least two 
phenotypes, a more benign limb girdle 
form and a more severe Duchenne-like 
form, there were other cases that 
clearly showed biopsy features of 
both. It is possible that we are seeing 
a range of phenotypic expression 
rather than two distinct phenotypes. 
Another possibility is that the Du- 
chenne-like biopsy pattern occurs at 
an early age and tends to progress 
into a more limb girdle-like pattern as 
the patient gets older. No patient was 
biopsied twice over a period of years 
using histochemical techniques to in- 
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vestigate this possibility. 

There was no significant: clinical or 
pathological distinction between 
group A and group B patients. These 
two groups were analyzed separately 
because the X-linked inheritance pat- 
tern was less definite in group B. One 
patient in group B had one daughter 
with an elevated CPK level and the 
other daughter’s CPK level was nor- 
mal. In spite of the fact that an 
X-linked inheritance would make both 
daughters obligate carriers, it is 
known that in both Duchenne and 
Becker dystrophy, occasional carriers 
do not have elevated CPK lev- 
els, 10-16-23 

Two of the patients were originally 
diagnosed to have limb girdle dystro- 
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phy before CPK levels were checked 
in family members. Since serum CPK 
levels have not been noted to be 
elevated in children of patients with 
recessively inherited limb girdle dys- 
trophy,** it is reasonable to suggest 
that the inheritance pattern in these 
families is X-linked. Furthermore, it 
is appropriate to check the CPK levels 
in all female relatives of patients with 
limb girdle dystrophy, since some of 
these patients thought to have autoso- 
mal recessive limb girdle dystrophy 
may in fact have a mild X-linked 
recessive dystrophy. 

The spectrum of mild X-linked 
dystrophy includes, at one end of the 
continuum, families with more severe 
involvement and muscle biopsy spec- 
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Evaluation of Recent Cerebral Infarction 


by Computerized Tomography 


Joseph C. Masdeu, MD; Berhooz Azar-Kia, MD; Frank A. Rubino, MD 


® Twenty patients with cerebral infarc- 
tion were observed with serial computer- 
ized tomographic (CT) scans. Seventy 
percent of those infarctions showed a 
mass effect that had disappeared in all 
patients by the eighth week after the ictus. 
In 63%, there was enhancement after 
contrast infusion, with a definite temporal 
relationship to the day of onset of the 
neurological deficit. Twenty percent of the 
patients initially had normal CT scans that 
became abnormal weeks after the stroke. 
Radionuclide scans were positive in the 
patients who showed contrast enhance- 
ment, and the area of abnormal uptake 
correlated well with the area of enhance- 
ment. The timing of the performance of 
the CT scan in relation to the onset of 
neurological deficit is an important factor 
to consider when evaluating the stroke 
syndrome with CT. 

(Arch Neurol 34:417-421, 1977) 


he accurate identification of ar- 

eas of encephalomalacia, caused 
by a remote ischemic episode, is now 
accomplished easily with computer- 
ized tomography (CT).'* Typically, the 
parenchymal cavity appears as a 
rather homogeneous, sharply circum- 
scribed region, with low absorption 
values, similar to those of CSF. By 
contrast, CT scans of recent cerebral 
infarctions are not consistent in 
pattern so that diagnosis by CT scan 
remains problematic. Features such as 
mass effect and contrast enhance- 
ment that were regarded as almost 
pathognomonic of brain tumor are 
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now being recognized with increasing 
frequency in early scans after an 
ischemic insult.* The changes in CT 
scan appearance of evolving infarcts 
might discover a consistent sequence 
of patterns that will make this tech- 
nique more useful. 

We have studied 20 cases of well- 
substantiated cerebral infarction with 
serial CT scans in order to describe the 
evolution of scan patterns of such 
lesions. 


PATIENTS AND METHODS 


From 79 male patients admitted in a six- 
month period at the Veterans Administra- 
tion Hospital in Hines, Ill, with diagnoses 
of cerebral infarct, 36 were chosen to be 
observed with sequential CT scans. The 
criteria for selection were the sudden onset 
of a persistent neurological deficit in 
previously healthy individuals and lesions 
clinically judged to involve a substantial 
amount of brain tissue. Patients whose 


clinical symptomatology suggested a small, 


lacunar, infarct or a lesion located in the 
brain stem were excluded. Twelve patients 
were dropped from the study because of 
inadequate follow-up studies or lack of 
fully substantiated diagnoses. Three were 
found to have a tumor, and one patient had 
a small intracerebral hematoma. 

The remaining 20 patients were ob- 
served with serial CT scans once the appro- 
priate consent was secured. The scans were 
done before and five minutes after intra- 
venous infusion of 300 ml of 30% diatri- 
zoate meglumine. The average time span 
from the onset of the neurological deficit to 
the performance of the first scan was 14 
days, the range being 1 to 46 days. The 
median stands on day 11. In four patients, 
the first scan was done within the first five 
days and in 12 patients, within the first 
two weeks. The total number of double 
scans (pre- and postcontrast infusion) done 
on these 20 patients was 72 (144 single 
scans); eight patients had three scans, and 
12 patients had four scans. The mean 
length of observation was three months. 

Autopsy findings in two patients corre- 
lated well with the pattern of the CT scans. 
Biopsy was performed in one patient. 
Isotope scans were done to support further 
the clinical diagnosis of cerebral infarction. 
Eleven patients had angiography, which 


showed lesions suggestive of cerebral 
infarct. An EEG was performed within the 
first week of hospital stay in all of these 
patients. 


RESULTS 
Mass Effect 


Criteria used for identification of 
mass effect included third ventricle 
and pineal shift, displacement of the 
choroid plexus, and obliteration of the 
lateral ventricles or subarachnoid 
spaces (Fig 1). Mass effect was 
present in 70% of all patients scanned 
during the first week after their 
stroke (Fig 2). The rate of disappear- 
ance of mass effect was fairly rapid; 
by the end of the third week, only 29% 
of the patients had any mass effect. 
By the eighth week, mass effect was 
absent from the scans of all our 
patients. 

An infarct involving the left cere- 
bellar tonsil (Fig 3A) produced a mass 
effect, with the resultant compression 
of the CSF pathways and develop- 
ment of mild hydrocephalus. Eight 
days after the ictus, there was dilation 
of the lateral ventricles, blunting of 
the striatocallosal angle, and widen- 
ing of the third ventricle (Fig 3B). The 
reduction in ventricular size, conse- 
quent to the resolution of the mass 
effect, was demonstrated in the 
follow-up scans (Fig 3C). 


Contrast Enhancement 


Sixty-three percent of our patients 
had enhancement in their postinfu- 
sion scans within the first two weeks 
after the stroke (Fig 4). In contrast to 
the behavior of tumors, this propor- 
tion declined rapidly and by the end of 
the fourth week, only 38% of the 
infarctions showed enhancement. One 
patient’s infarct continued to enhance 
for six months after the stroke. 

The following different patterns 
were noticed after the infusion of 
contrast: (1) The most common was 
enhancement of the area of lucency or 
of the perinecrotic area, mimicking 
the latter instance the “ring sign” 
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described in glioblastoma multiform’* 
(Fig 3A). (2) At some stage of their 
evolution, several infarcts were seen 
only after the lesion had been 
enhanced by contrast (Fig 5). (8) In 
one case, the contrast enhancement 
masked an infarct readily seen with- 
out contrast by increasing the absorp- 
tion coefficient of the area of infarc- 
tion to values similar to those of the 
surrounding tissue. 

Contrast enhancement was most 





helpful in the evaluation of infarcts 
that had subtle findings on preinfu- 
sion CT scan. For example, a CT scan 
obtained eight days after left homon- 
ymous hemianopsia developed was 
originally read as normal (Fig 6A and 
B). In retrospect, there was a faint 
area of lucency in the right occipital 
region, which enhanced after infusion 
of contrast. The lucency of the 


infarcted area was much more appar- 
ent in subsequent scans (Fig 6C). 


Fig 1.—Right hemispheric infarction producing partial obliteration of right lateral 
ventricle and shift of midline structures (A). Mass effect was absent one month later 


(B). 


o% OF PATIENTS SHOWING 
MASS EFFECT 


TIME IN 
WEEKS 


AFTER ONSET OF 
NEUROLOGICAL DEFICIT 
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Fig 2.—Incidence of mass effect. 


Correlation with Radionuclide Scan 


Seventy-two percent of this group 
of patients had an abnormal radionu- 
clide (RN) scan two weeks after onset 
of symptoms (Fig 4). Except for one 
patient, all who showed contrast 
enhancement also had abnormal up- 
take in the isotope scan, which in most 
cases outlasted the contrast enhance- 
ment on CT scan. Abnormal uptake— 
reduced in size—in the RN scan of two 
of these patients occurred even six 
months after the stroke. The distribu- 
tion of the abnormal isotope uptake 
matched well the areas of enhance- 
ment with contrast. The patient 
whose scan is shown in Fig 7 had a CT 
scan five days after onset of left hemi- 
paresis. There was an area of lucency 
that involved the caudate and lentic- 
ular nuclei, reaching the cortex of the 
parietal lobe. Only the posterior tem- 
poroparietal region enhanced after 
infusion of contrast, and it was pre- 
cisely this region that took up the 
isotope in RN scan. 

Figure 4 shows the incidence of 
positive CT scans. Twenty percent of 
the infarctions studied could not be 
detected with CT in the first two 
weeks after ictus. Towards the end of 
the seventh week, all of these 
patients, who had clinical evidence of 


MASS EFFECT 
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a large infarction located in the cere- 
bral or cerebellar hemispheres had an 
abnormal CT scan. In two cases, 
infarctions readily detected as areas 
of radiolucency during the first few 
days postictus became of the same 
lucency of the surrounding tissue in 
the following week, making their 
identification difficult. In subsequent 
weeks, a better defined area with 
lower absorption values indicated the 
extent of the infarcted tissue. 


Hemorrhagic infarctions have been 
recognized twice in these patients. In 
both cases, the area of increased 
density reverted to radiolucency in 
three weeks to one month. In one 
patient, whose preinfusion scan 


showed a large area of increased 
radiodensity, evidence of chronic hem- 
orrhagic infarction was found at 
autopsy. The other patient, whose 
scan showed two areas of increased 
radiodensity involving only the corti- 





Fig 3.—Left cerebellar tonsil infarct (A, arrow) caused moderate hydrocephalus (B). 


Ventricles were smaller one month later (C). 


OF PATIENTS 


% 


TIME | wk 
after onset 
of neurological 
deficit. 


2wks 


3wks 


cal ribbon (Fig 5 and 8) had compound 
mitral valve disease, and cerebral 
embolization was diagnosed on clinical 
grounds. The RN scan nine days 
postictus showed two areas of in- 
creased uptake, in the left frontal and 
right posterior parietal regions. A 
repeat RN scan two weeks later was 
normal. 

The EEG was abnormal and lateral- 
ized to the side of the pathologic area 
in all but two cases. In three of the 
patients in whom initial CT scans 
were negative, the EEG showed a 
clear-cut focal abnormality. 


COMMENT 


Several recent articles*® have de- 
scribed the density characteristics of 
recent cerebral infarctions. Unless it 
is hemorraghic, the area of the infarc- 
tion possesses diminished radioab- 
sorption values and ill-defined mar- 
gins. In watershed or large infarc- 
tions, the gray matter tends to be 
involved to a greater degree than the 
white matter and the region of 
decreased absorption assumes a trian- 
gular shape, with the base towards the 


e—e POSITIVE CT SCAN 


o—o POSITIVE 


ISOTOPE SCAN 


X——X CONTRAST ENHANCEMENT 


Ss 


x oe 
Caer ; 
tea PES 
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| mo. 
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Fig 4.—Incidence of positive computerized tomographic (CT) scans, enhancement after intravenous infusion of iodinated 
contrast, and positive isotope scans in relation to time of onset of neurological deficit. 
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Fig 5.—Left frontal infarct can be visualized after contrast infusion (B, arrow) but not in 
preinfusion scan (A). Infarcted area shows low absorption values in follow-up scan (C, 
arrow) two weeks later. 





Fig 6.—Right occipital infarction. Pre- (A) and postinfusion (B) scans and follow-up scan 
(C) five weeks later. 





Fig 7.—Right hemispheric infarct. Pre- (A) and postinfusion (B) scans. Radionuclide scan 
(C) displayed in right lateral view. A indicates anterior and P, posterior. 


Fig 8.—Preinfusion scan (A) ten days postictus, showing two short bands of increased 
density (arrowheads) probably representing petechial hemorrhagic infarction of cortical 
ribbon. In postinfusion scan (B), these bands showed contrasts enhancement (arrow). 
Two weeks later (C), area of lucency appeared where above-mentioned changes were 
noted (arrow). 





periphery. 

Little is known, however, about the 
incidence of the two features of recent 
cerebral infarction whereby these 
lesions can mimic the appearance of 
malignant gliomas. These features 
are mass effect and contrast enhance- 
ment. Observing the same lesion 
throughout the weeks and months of 
its resolution has allowed us to deter- 
mine the probability of finding either 
of those features in relation to the 
time of the insult (Fig 2 and 4). 

Contradictory reports still appear in 
the literature regarding the presence 
of mass effect in association with 
infarct.*’ In earlier reports,’ mass 
effect was assigned to neoplasms. The 
presence of mass effect would be 
helpful in diagnosing a low-density 
tumor rather than an infarction. This 
is, indeed, the case with chronic 
infarcts but not with recent ones, as 
emphasized by Yock and Marshall. 
Eight of 37 scans reviewed by these 
authors showed evidence of mass 
effect. The discrepancy with our 
findings (Fig 2) can probably be 
explained on the basis of lack of 
follow-up studies on their earlier cases 
(only one patient had a follow-up 
scan). Recently, Folger and co-work- 
ers* reported mass effect in 40% of the 
scans done during the first two weeks. 
In an extensive pathologic study’ of 
brain swelling due to ischemic infarc- 
tion, the incidence of midline shift due 
to mass effect was 86% during the 
first two weeks. In a few cases, 
midline shift was present as late as 
seven weeks after the ictus, closely 
matching our findings. The possibility 
of reinfarction superimposed on the 
initial one cannot be completely ruled 
out in these cases of prolonged swell- 
ing. Involvement of functionally simi- 
lar neuronal groups and pathways 
would account for the paucity of 
newly developed clinical symptoma- 
tology. 

Contrast enhancement occurred in 
60% of infarctions between one and 
four weeks of age in a recently 
reported series.” Sixty-three percent 
of the infarctions scanned by us 
during the first two weeks were 
enhanced by contrast. In several of 
our cases, the area of infarct could be 
visualized only after the infusion of 
contrast. Our findings support the 
accepted practice, followed in many 
institutions, of performing the CT 


scan on. patients with the stroke’ 


syndrome before and after the infu- 
sion of iodinated contrast material. 
One factor to take into considera- 
tion when evaluating the percentage 
of enhanced infarctions is the type of 
iodinated contrast material used for 
infusion. Among the best tolerated 
compounds employed in angiography 


are the methylglucamine salts of 


diatrizoate and. iothalamate. Iothala- 
mate meglumine injection (Conray) 
has been reported to produce less 
changes in the blcod-brain barrier 
than diatrizoate meglumine (Feno- 
grafin, Hypaque). 11 While experimen- 
tal evidence is still lacking, a sub- 
stance that crosses the. endothelial 
wall more readily theoretically would 


. produce contrast enhancement in a 


greater number of cases. 
Huckman‘ considered contrast en- 
hancement as a manifestation of focal 


hyperemia, which has an angiographic 


correlate in the so-called “luxury 
perfusion”. Taveras et al’ reported 
luxury perfusion in 40% of the 
patients who had angiography in the 
first two weeks after onset of symp- 
toms. In one case, we noticed a 
remarkably good correlation between 
the area of infarction that enkanced 


with contrast and the region where © 


“eapillary blush” was present on 
carotid angiography. Those two stud- 
ies were done on the same day, the 


fifth postictus. Ten days later, there 
was no contrast enhancement on CT ` 
or angiographic blush on a four-vessel- 
study conducted for diagnostic rea- 


sons. A significant amount of extra- 
vascular iodine in tumors that en- 
hanced with contrast has been de- 
tected by Gado et al; using iodinated 
r> serum albumin. Dexamethasone 
decreases contrast enhancement," ap- 


parently by restoring the integrity of . 


the capillary wall." 


Although the abnormal uptake m 


RN sean persisted longer than con- 
trast enhancement on CT, aimost all 
of the contrast enhanced infarctions 


in our study presented a positive RN- 
scan. This finding suggests that the - 


mechanism underlying both processes 


may be similar in some respects. Di `. 
Chiro et al,° using an experimental | 


model, found z good correlation 
between an abnormal RN scan and 
neovascularization -of the area sur- 
rounding the infarct. Studying the 


two hours postinfusion uptake of 
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i chlormerodrin Hg 208 in cats with 


experimentally: induced ‘infarction, 
Dudley and co-workers’ found that 
the highest concentration of radionu- 
clide occurred in the areas, of new 
capillary formation and within the 


' macrophages infilzrating the necrotic 


cerebral tissues. Both of these histo- 


logical phenomenz appeared about’'the 
fifth day after onset of the cerebral 


infarction and persisted during reso- 


lution and repair of the lesion. The 


increased uptake of radicactive mate- 
rial about the newly formed capil- 


laries suggested to them that those 


vessels might have altered permeabil- 
ity. Thus, it seems likely that a combi- 
nation of arteriocapillary dilation, 
alteration of the endozhelial mem- 
brane, and possibly capillary prolifer- 
ation may explain the presence of 


- contrast enhancement in cerebral in- 


farction. Wher2as hyperperfusion 
plays a greater role in lesions that 
enhance earlier in their evolution, 
vascular proliferation is probably a 
more important faétor when late 
enhancement is found. 


Twenty percent of the infarcts that. . 


we observed cou:d not be detected for 
weeks after the ictal episode. This 


proportion is high, considering that 
we selected only patients with a clin- 


ical picture suzgestiv2 of a large 
infarct. Although we have not studied 
small lesions, it is generally accepted, 


' as Davis et alë pointed out, that “lacu- 
‘nar’ infarcts smaller than 10 mm in 


diameter, cannot be visualized with 
the present CT equipment. Use of the 
newer 320 x 320 matr:x, 5- or 8mm 
collimators, and a longer time of expo- 
sure may result in a clearer definition 
of such small lesions. Notwithstand- 


ing the difference in absorption coef- 


ficient and homogeneizy between the 
renal tissue end the brain, cysts 


: smaller than 1 cm hava recently been 


identified in tne kidrey with a CT 


- body unit.: 


On the basis of only one CT scan, it 
may be extremely difficult to make a 


conclusive diagnosis of recent cerebral 


infarction rather than glioblastoma, 
metastasis, or vascular malformation. 
Follow-up studies mav then be advis- 
able. Clinical correlation is, of course, 
of utmost importance. In our experi- 
ence, the focal neurological deficit has 
always been more severe in the case of 
infarctions as compared to tumors 
when the CT patterns were similar. 


- genol 127:538-67, 1976. 
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Baclofen, A New Antispastic Drug 


A Controlled, Multicenter Trial in Patients With Multiple Sclerosis 


Barry A. Sachais, PhD; James'N. Logue, MPH; Michael S. Carey, MD 


è A double-blind, five-week, multicen- 
ter trial was conducted to compare the 
effect of baclofen, a unique amino acid 
derivative, with that of placebo in the 
treatment of 106 patients with spasticity 
secondary to multiple sclerosis. A spas- 
ticity assessment method that Included a 
neurological ‘examination, physicians’ 
clinical impressions of changes during 
treatment, and a patient's self-evaluation 
was used to determine efficacy. This 
method showed baclofen (70 to 80 mg 
dally maximum, titrated) Is effective rela- 
tive to placebo In relieving symptoms of 
spasticity, such as flexor spasms, pain 
and stiffness, resistance to passive joint 
movements, and tendon stretch reflexes. 
Patient self-evaluation results also 
showed a significant reduction in cionus. 
Side effects were generally mild and tran- 
sient. l 

(Arch Neurol 34:422-428, 1977) 


Mee sclerosis is a chronic, 
debilitating disease character- 
ized clinically by a variety of neuro- 
logical symptoms and signs that may 
fluctuate between remission and exac- 
erbation. Spasticity and hyperreflexia 
have been reported to occur second- 
arily in more than 95% of patients 
with multiple sclerosis' but are also 
common symptoms of other spinal 
cord diseases or injuries, cerebrovas- 
cular disease, and encephalomyelitis. 

The development of drugs for the 
treatment of spasticity secondary to 
multiple sclerosis has been slow and 
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hampered by a poor understanding of 
the physiology of such muscle tone 
disturbances.? The skeletal muscle 
relaxant diazepam is currently used 
widely in the treatment of patients 
with spasticity. Diazepam acts cen- 
trally as well as on the interneurons of 
the spinal cord to depress tonic reflex 
activity.2 The supraspinal effects of 
this agent, however, often result in 


intolerable drowsiness before ade- 


quate control of spasticity is 
achieved.” A newer antispastic drug, 
dantrolene, blocks muscle contraction 
at the biochemical level, possibly by 
directly interfering with the role of 
calcium in the muscle cell itself. 
However, the possibility of frequently 
occurring side effects suck as diar- 
rhea, muscle weakness, and nausea, 
and less commonly, abnormal hepatic 
function (including hepatitis) and hal- 
lucinations have restricted the use of 
this drug." 

With these considerations in mind, 
research has been directed toward the 
development of an effective anti- 
spastic drug with a low order of toxic- 
ity. 

In the search for- possible -anti- 
spastic compounds, the therapeutic 
potential of amino acid derivatives 
was recognized because of the impor- 
tant role these acids have in neuro- 
transmission. One unique amino acid 
derivative tested, 4-amino-3-(p-chloro- 
phenyl) butyric acid baclofen (Figure), 
appears to reduce spasms of.the volun- 
tary muscles.? Although the precise 
mechanism of this action is yet 
unknown, the drug probably acts by 
hyperpolarizing afferent spinal termi- 
nals®** thereby decreasing monosynap- 


tic éxtensor and polysynaptic flexor , 
reflex transmission.'’° Also,. baclofen 
may augment the recurrent inhibition 
of alpha motoneurons through an 
enhancement of Renshaw cell activi- 
ty.’ There is some recent evidence” to 
show that baclofen depolarizes spinal 
neurons by inhibiting. substance P, an 
undecapeptide thought responsible 
for neurotransmission from primary 
afferent neurons to motoneurons in 
the spine.” ) | 
Animal metabolic’ studies have 
shown baclofen to be rapidly and 
completely absorbed from the gas- 
trointestinal tract, with the plasma . 
half-life varying from one to four 
hours, depending on the species 
tested.“ In man, the half-life is three 


‘to four hours. As with most hydro- 


philic compounds, baclofen does not 
pass the blood-brain membrane readi- 
ly, but in man and other animals 
tested, it reaches an effective con- 
centration in the brain and spinal cord 
at peak plasma levels. Excretion of 
baclofen in man is rapid and virtually 
complete, more than 80% being elimi- 
nated by the kidney within one day 
after oral administration.’  _ 

Since 1966, clinical trials in several 
countries have shown that baclofen is 
an effective and well-tolerated. anti- 
spastic drug for patients with multi- 
ple sclerosis.*'*-?* Jerusalem,’ one of 
the first investigators to study baclof- 


Bacloien structure. 


Ci- CHCH2COOH 
CH2NH2 
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oe 


as 


en, reported good results in 76% of 30 
patients with multiple sclerosis 


treated with the drug. In a double-. 


blind trial of baclofen and placebo in 
18 multiple sclerotic patients, Hudg- 
son and Weightman’ confirmed that 


baclofen was markedly effective and ` 


well tolerated. Further, Cartlidge et 


al’? in England and From and Helt- < 


berg’® in Denmark irdependently 
found baclofen to be significantly 
more effective than diazepam in re- 
ducing spasticity secondary to multi- 
ple sclerosis, with consid2rably fewer 
intolerable reactions. Ketelaer end his 
co-workers”! studied the long-term 
effects of baclofen. and diazepam in 
over 200 patients with multiple scle- 
rosis and found that baclofen is the 
more effective of the two antispastic 
agents and is well tolerated, even 
after treatment periods of over two 
years’ duration. . 

The results of a double-blind, multi- 
center study designed ta compare the 
effectiveness of beclofer and placebo 
in patients with spasticity secondary 
to multiple. sclerosis are presented. In 
this trial, we used ar assessment 
method developed after several years 
of experience in clinical trials and 
from extensive consultations with 
neurologists. This approach includes a 
neurological examination, the physi- 
cian’s clinical impressions of changes 
during treatment, and ¢ patient self- 
evaluation test. This method considers 
not only the ability of the drug to 
relieve symptoms of multiple sclerosis 
but also the degree to which the drug 
improves the patient’s functional abil- 
ities. 


PATIENTS AND METHODS 


This study restricted participants to 
male and female inpatients or outpatients 
at least 18 years cf age with spasticity 
secondary to multiple sclerosis. Patients 
were not to have received any muscle relax- 
ant, antihypertensive, or psychoactive 
drug for at least seven days prior to the 
start of the study. 

Patients with evidence or a history of 


_renal, hepatic, or active gastrointestinal 


disease, clinically evident joint contrac- 
tures, psychiatric illness unrelated to 
multiple sclerosis, seizure disorders, drug 
or alcohol abuse, or clinically significant 
laboratory abnormalities were excluded 
from the study. Also excluded were preg- 
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nant and nursing women and those likely 


to become pregnant during the study. 


Prior to treatment, a complete medical 


history was obtained from each patient 
and a physical examination performed. At 
the beginning of drug treatment and at the 
end of the five-week study, the following 
tests were performed: hemoglobin, hema- 


` toerit, total and differential WBC count, 


glucose, BUN, SGOT, uric acid, ‘creatinine, 
alkaline phosphatase, urinalysis, and ex- 
amination of stools for occult blood. At 
each weekly visit, blood pressure was also 
measured, After the study procedures had 
been fully explained, each patient gave 
written informed consent for study partici- 
pation. 

This clinical trial was conducted ac- 
cording to a double-blind, parallel-group 
design at 16 separate centers. The data 
obtained were pooled for statistical analy- 


sis. All investigators concucted the study | 


in a uniform manner using identical proto- 
cols and standardized patient record forms. 
A specially designed computer : editing 


program insured uniformity of reporting 
‘and rigid protocol compliance. 
Patients were randomly assigned to the . 


baclofen (Lioresal) or placebo treatment 
groups. Initial baclofen dcsage (first week) 
for outpatients was 5 mg (%2 tablet) three 
times a day for three days and 10 mg three 
times a day for four days and for inpa- 
tients, 10 mg three times a day for three 
days and 15 mg three times a day for four 
days. During the second week of the study, 


` inpatients received baclo7en, 20 mg three 


times a day, while outpatients were given 


.15 mg three times a day for three days and 


20 mg three times a day for four days. 
Thereafter, one or two 10-mg tablets could 
be added to the daily dcsage regimen as 
required, but total daily Cosage was not to 
exceed 80 mg daily. _ 


Neurological 
Examination 


Prior to initiation of treatment and 


after weeks three and five, each. 


patient was given a neurological 
examination. The purpose of this 


examination was to evaluate each 


patient’s mental state—namely, the 
degree of depression euphoria, and 
irritability; the severizy and frequen- 


cy of flexor spasms; the degree of- 


tendon stretch reflexes of the knee 
(right and left knee jerks); and 
resistance to passive movements of 
the ankles, knees, and hips, and to 


ascertain the physician’s global as- > 


sessment of overall Cisease severity. 


Also, patents were questioned by the 
physiciar. for the presence of flexor | 
spasms and the presence and susten- 
tation of ankle and knee clonus. The 
numerical scales used in the neurolog- 
ical exarnination will be shown and 
discussed. ` 


Physician Global Impressions 


At the conclusion of the study, the 
physician indicated his clinical im- 
pression of treatment results by 
rating che following factors: the 
patients’ overall spastic states as 
reflected by degree of spasticity and 
related symptoms—that is, daytime 
and nighttime spasms, muscle 
strength, walking, transfer activities, 


_ dressing or undressing, bladder func- 
tion, sleeping, pain or stiffness, gen- 


eral dexterity and speech, or menta- 
tion. The degree of change was rated 
according to a five-point scale: 
marked (5), moderate (4), slight (8), no 
change (2), or worse (1). 


Patient Self-evaluation 


Prior to therapy and at the final 
visit, each patient rated his or her 
condition on a scale of 0 (little of the 
time) to 8 (all the time) by responding 
to the following questions: “Are you 
troublec by muscle spasms?” “Does 
clonus (spasms) occur?” “Do your arms 
and legs feel painful?” “Does stiffness 
trouble you?” “Is your sexual perfor- 
mance impaired?” “Are you hampered 
in your daily activities?” Patients 
were also asked to rate their overall 
disability on a numerical scale of 1 
(minimal) to 6 (very severe). Side ` 
effects were recorded at each weekly 
visit. 


Statistical Method 


In the statistical analysis of results, 
those efficacy variables having a scale 
of four or more possible responses 
were treated as “continuous var- 
iables,” since the responses were 
ordered and the underlying distribu- 
tion was assumed to be continuous. 
The one-way analysis of covariance, 
using the pretreatment value of the 
variable as the covariate, was used for 
continuous variables. The variables 


having scales with only two or three 


response values were analyzed by the 
x’-test. Changes during the study 
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were grouped as worse, no change, or 
_ better, and the analysis was per- 
formed on the resulting 3 x 2 contin- 
gency tables. The Student ¢ test was 
used to analyze data from the physi- 
cians’ Impressions of clinical change. 


RESULTS 
Patients 


Of the 166 patients who entered this | 


study, 85 were assigned to the baclo- 
fen treatment group and 81 to the 
‘placebo group. However, because of 
violations of the protocol, data from 31 
baclofen-treated patients and 29 pla- 
cebo-treated patients were excluded 
from the statistical analysis of drug 
efficacy. These data were retained for 
the analysis of adverse effects. Most 
of these patients were dropped from 
the study because of concomitant use 
of other disallowed medications. 
Baseline demographic characteris- 
tics of the 106 patients who completed 


the study (Table 1) were similiar in. 


both treatment groups. The baclofen- 
treated group consisted of 31 women 
and 23 men, while there were’ 32 
women and 20 men in the placebo- 


treated group. Mean patient age in 


both groups was 43 years. Most 
patients were white outpatients. 

The majority of the patients in the 
study were either quadraplegic or 
paraplegic. Patients in the placebo- 
treated group had a somewhat longer 
average duration of disease (11.2 
years) than did those patients treated 
with baclofen (10.6 years), although 
this difference was not significant. 
Spasticity was stable in most patients, 
but 15 patients treated with baclofen 
and 14 treated with placebo entered 
the, trial with deteriorating condi- 
tions. 


Dosage 


Dosage was titrated over the first 
two visits according to the schedule 
described previously. Although dos- 
ages differed for each patient, 70 mg 
to 80 mg daily was adequate in most 
‘(> 75%) patients. 


Neurological Examination 


The results of the physician’s neuro- 
logical examination are shown in 
Table 2. Although all 106 patients 
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were examined, not all sad experi- 


enced depression, euphoria, irrita- 


bility, or flexor spasms at baseline 


evaluation, and therefore, patient 
numbers varied for these assess- 
ments. 

Symptoms-of depression, euphoria, 


- and irritability decreased from base- 


line values in both the baclofen and 
placebo treatment groups. The de- 
erease in irritability in the placebo 
treatment group was statistically sig- 
nificant. 

Statistically significant decreases 
from baseline values in pain and 
frequency of flexor spasms, resistance 
to passive movements of joints, ten- 
don stretch reflex in both knees, and 
global severity of disease were seen in 
patients treated with baclofen. With 
the exception of passive movements 
of the hips, ankle extension,. and 
global -disease severity, these de- 
creases were ‘significantly different 
from changes seen in the placebo 
group. The only measurements that 


were significantly reduced from base- - 


line values after five weeks of placebo 
treatment were ankle extension and 


` 


resistance to passive abduction of the 
hip. 

Table 8 shows the physician’s 
assessments of the occurrence of 
flexor spasms and the presence and 
sustentation of ankle and knee clonus. 
Except for flexor spasms, differences 
between the treatment groups did not 
reach statistical significance, al- 
though trends favored baclofen for 
each value measured. These findings 
are consistent with results of the 


neurological examination in which the 


frequency of flexor spasms was 
significantly reduced (Table 2). 
Assessment of Clinical Change 


The results of the physician’s 
assessment of clinical change are 


presented in Table 4. The overall 


spastic state improved significantly 
(P < .001) in patients treated with 
baclofen as did‘ daytime spasms 
(P < .005), nighttime spasms 
(P < .025), anc pain or stiffness 


(P< .025). Drug effect on the overall 


spastic state was assessed for both the 
106 patients who met all study re- 
quirements and for the 60 patients 


Table 1.-Demographic Characteristics 


Characteristic 


Sex 
Male 


Female 
Age, yr 
Range 
Mean 
Race 
_ White 
Black 


Status 
Inpatient 


Outpatient 

Duration of disease, yr 
Range* ` 
Mean 


Change in spasticity during past month 
(before treatment) 
Improved 


Stabilized 
Deteriorated 
Type of paralysis 
. Quadraplegia , 
Paraplegia 
Hemiplegia 
Other} 





Baclofen-Treated 
Patients ~ 
(n = 54) 


Placebo-Treated 
Patients 
(n = 52) 


“Low range for disease duration was 7 months for patients treated with tacloten and 8 months for. 


placebo-treated patients. 


tTriplegia, double and spastic hemiparesis, paraparesis, and quadraparesis. 
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who did not. Data were analyzed in 
this manner because evaluation of the 
overall spastic state is a particularly 
sensitive method of determining drug 


sis. We were concerned that by ana- 


; lyzing data only from eligible pa- 


tients, we would not detect possible 
bias in favor of the baclofen-treated 
group because of tha ‘patients who 


were excluded from the analysis. The 
weighted mean scores for both patient 
populations showed that baclofen- 
treated patients improved to a signif- 
icantly greater degree than did those ` 


eS oe 


a 


effect in patients with multiple sclero- 


Table’ 2.—Neurological Examination Results 


Baclofen (B)* Placebo (P)j , 
P 
{Baclofen and 
Placebo 


Differences) 


Difference 
Standard From Baseline 
Error at Final Visit 


' Difference 
Standard From Baseline 
Error at Final Visit 


Measurement Mean Score 


Mental Statet 





Visit Mean Score 


Depression [n = 31(B), 
= 34(P)] i 
Baseline 7 0.94 0.13 : 1.00 -0.15 ' a 
Final 6 0.71 0.13 Sere 0.79 0.14 Ue) Not specified 
Euphoria [n = 8(B), f 
= 16(P)] 
Baseline 1 0.63 018 ` 1.06 0.21 
Final 6 . 050 ` 0.19 =O 0.69 0.18 0.37 Not specified 
Irritability [n = 19(B), 
= 28(P)] l 
Baseline 1 1.05 0.21 ~= Lit 0.18 , 5 
Final a 6 0.79 024 - 0.26 0.43 0.13 —0.68|| Not specified 
Flexor Spasms l : 
Pain-[n = 40(B), n = 37(P)]§ : : 
Baseline 1: 1.86 0.18 1.35 0.15 
Final 6 0.70 0.13 SIER 1.27 0.15 —0.08 < .001 
Frequency [n = 40(B), 
n = 37(P)] | 
Baseline 1 1.23 0.41. 1.19 > 0.13 
Final 6 0.60 0.11 0.65) 105° 012 0.14 < .005 
Resistance to Passive Joint 
Movement # 
Ankle Flexion 
Baseline 1 2.85 0.11 -. 2.79 0.12 
Final 6°. 246 0.10 —0.39 | 275 0.10 0.04 < .005 
Ankle Extension ee 
Baseline 1 2.80 0.10 y 2.73 0.11 
Final 6 2.35 610 © TOSI . 252 0.11 , 0.21] Not specified 
Knee Flexion 
Baseline 4 3.00 0.12 > ; 2.96 - 0.11 , 
Final 6 254 0.10 —0.46)) 285 ` 0.10 —0.11 < .01 
Knee Extension , ' 
Baseline 1 3.07 0.11 2.90 0.12 
Final 6 257 — O1 —0.50] 2.92 0.11 + 0.02 < .001 
Hip Abduction 
Baseline 1 2.80 0.11 2.79 0.11 ; 
Final 6 2.46 0.10 0.34] 2.58 0.10 ~-0.21 | Not specified 
` Hip Extension 
Baseline 1 2.72 0.11 2.62 0.11 , 
-Final po 2 6 239 010 —6.33}| 2.50 0.10 0.12 Not specified 
Tendon Stretch Reflexes** 
Left Knee Jerk . 
Baseline - 1 3.56 0.11 3.40 0.13 . 
Final 6 2:96 0.16 0.60] 3.44 0.13 + 0.04 < .005 
. Right Knee Jerk 
Baseline 1 3.63 0.10 ` 3.42 0.14 
Final 6 2.93 015 - 0-70 3.40 0.13 —0.02 < .001 


Global Disease seventy 
Baseline 
Final 


` Not specified 





*N = 54, unless otherwise indicated. 

FN = 52, unless otherwise indicated 

{0 indicates absent; 1, mild; 2, moderate; and 3, severe. 

$0 indicates none (no pain); 1, minimal: 2, mild; 3, moderate; and 4; severe. 

[Statistically significant change (P < .C5) from mean baseline score. 

'4 0 indicates none (no flexor spasms); 1, 1-10/day; 2, 11~50/day; 3, 51-100/day; and 4, more than 100/day. 
#1 indicates diminished; 2, normal; 3, increased; and 4, greatly increased (hyperreflexia). 

**Q indicates absent; 1, diminished; 2, normal; 3, increased; and 4, hyperreflexia 

tti indicates minimal; 2, mild; 3, moderate; 4, moderately severe; 5, severe; and 8, very severe. 
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Table 3—-Physician’s Assessment of Neurological Findings 


No. (%) of Patlents 





| nee 
Worse No Change Improved PY 





















Occurrence of flexor spasms We 40(B), 










n = 37(P)}* 
Baclofen 22 (55) 17 (42) < 02 
Placebo 26 (70) 6 (16) j 






Presence of ankle clonus [n = 44(B), . 
n = 46(P)] i 
Baclofen 3 (7) 29 (66) 12 (27) 
Placebo 3 (6) 38(83)  5(11) Not specified 
















Sustentation of ankle clonus [n = 44D). 










n = 46(P}} l 
Baclofen 5(11) 20 (46) 19 (43) = 
Placebo 6 (1 3) 28 (61) 12 (28) Not specified 






Presence of knee clonus [n = 15(B), 







= 22(P)] 
Bacioten 2 (13) 5 (33) 8 (53) ms 





Sustentation of knee clonus [n = 15(B), 
= 22(P)] | 
Baclofen 2 (13) 2 (13) 11 (73) 
Placebo 6 (27) 8 (36) 8 (36) Not specified 






*B indicates baclofen; P, placebo. 
+x” square test. 


Table 4.—Physician's Assessment 
of Clinical Change 


Final Visit 
(Weighted Mean 
Score)* 


Symptom or Activity Baciofen Placebo- 


Overall spastic statet 
included patients 


Excluded patients 
Daytime spasms 
Nighttime spasms 


Pain or stifness < 025 


Muscle strength Not specified 


Walking Not specified 


Transfer activities — Not specified 


Dressing or undressing 


No: specified 


Bladder function Not specified 


Sleeping Not specified 


General dexterity Not specified 


Speech or mentation Not specified 





*Scale: 1 indicates worse; 2, no evel: 3, slight improvement; 4, moderate improvement and 5, 
marked improvement. 

tStudent t test. 

tOverall spastic state was evaluated for the 106 patients who completed the study and for the 60 
patients who were excluded from the overall statistical analysis. 
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on placebo. This result indicated that. 


any bias in our results would have 


favored the placebo treatment group. 

Mean final visit scores showed the . 
other eight assessments of clinical 
change—muscle strength, walking, 
transfer activities, dressing or un- 
dressing, bladder function, sleeping, 
general dexterity, and speech or men- 
tation—to be generally unchanged in 
both treatment groups. 


Self-evaluation 


Patient self-evaluation results are 
shown in Table 6. Statistically signifi- : 
cant decreases from baseline values in 
mean muscle spasms, clonus, stiffness, 
and overall disability values were seen 
within the baclofen treatment group, 
while only stiffness and overall dis- 
ability were significantly reduced in 
placebo-treated patients. Mean final 
visit differences between the baclofen 
and placebo treatment groups were 
statistically significant for assess- 
ments of muscle spasms, clonus, and 
stiffness. 

Side Effects and Laboratory 
Evaluation 


Side effects representative of the 
166 patients who originally entered 
the trial and those reported for the 106 
patients found acceptable for efficacy 
analysis are shown in Table 6. With 
the exception of a lower incidence of 
vertigo in the 106-patient group, few 
differences were noted when the orig- 
inal and final patient populations 
were compared for side effects. Som- 
nolence, which was the only side effect 
specifically questioned for at each 
visit, occurred in 75% of the baclofen- 
treated. patients and in 36% of 
patients in the placebo treatment 
group. This symptom, however, was 
rarely severe and frequently subsided 
or disappeared with continued ther- 
apy. Excessive weakness, an effect 
common to antispastic drugs, occurred 
in only 20% of patients receiving 
baclofen. This complaint did not 
necessitate discontinuation of ther- 
apy. Excessive weakness also was 
experienced by 11% of the patients 
given placebo. In general, the majori- 
ty of side effects were not severe and 
baclofen tolerability was considered to 
be good. 
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vag 


Symptom or Activity 


Muscle spasm* 
Baseline 
Final 


Clonus*. 
Baseline | 
Final 

Arm or leg pain? 
Baseline 
Final 


Stiffness* 
Baseline - 
‘Final 

Impairment of sexual performanca” 
Baseline 
Final . 

` Interference with daily activities* 

Baseline 
‘Final 

Overalli disability¢ 
Baseline 
Final - 


Table 5.—Patient Self-evaluation Questionnaire 


Baclofen. 
(N = 54) 


Difference 
from Baseline 
at Final Visit 


Mean Standard 
Visit Score Error 





Mean Standard From Baseline 
- Score 


Piacebo 
(N = 52) ; 
Pp 
(Baclofen and 
Placebo 
Differences) 


Difference 


Error at Final Visit 


Not specified 


Not specified 
Not specified 


Not specified 


*Scale: 0 indicates none or little. -of the time; 1, occasionally or part of the time; 2, most of the time; and 3, all the time. 
Statistically significant (P <,.05) decrease from baseline. 


Scale: 1 indicates minimal; 2, mild; 3, moderate; 4, moderately severe; 5, severe; ‘and 6, very severe. 


_ Table 6—Side Effects . 


Neurological , 
Somnolence 


Vertigo 

Excessive weakness 

Headache 

Frequency of urination 

Insomnia 

Depression otay t 
Excessive weakness, lower extremities 


Gastrointestinal 
Nausea 


Constipation - 
Vomiting. 


Laboratory and vital .sign data 
showed no serious drug-related abnor- 


. malities in either treatment group. 


COMMENT 
The results of this multicenter 


| study show that baclofen is a safe and 


éffective antispastic agent for the 
treatment of patients with spasticity 
secondary to multiple sclerosis, as 


demonstrated by the results of the 


physician’s neurological examination 
and global impressions of clinical 
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No. (%) of 
Patients Analyzed 
„For Efficacy — 


No. (%) of 
Patients Who 
Entered Trlal - 


i . ; mA l 


Baclofen Placebo Baclofen Placebo 
(n=85) (n=81) (n=54) (n= 52) 


17 (33) 
5 (10) 


60 (71) 29 (36) 
19 (22) 6 (7) ` 
17 (20) .9(¢11)- 
10(12) ‘7 (9) 
10 (12) (1) 
9 (11) (9) 
4 (5) (6) 
4 (5) ` (2) 


38 (70) 
7 (13) 
13 (24) - 8 (15) 
S(17) 7 (13) - 
703) © (0) 
(9) 3 (6) 
(4) 1 (2) 
- (6) 1- (2) 


mi Mmj A 


> (4) 
(4) 


m 
m~ 
wh 
CH. . 
Atf = 


14(18) 5 (6) 
9 (11) (2) - 
4 (5) -Q (0) 2)’ (0) 


os, 
wW 
Ne 


change during treatment, and by the 
patient’s self-evaluation. 

Multiple sclerosis - patients consti- 
tute a valetudinarian population who 
are unlikely to show niarked improve- 
ment with any treatment modality 
and, consequently, the benefits of 
drug therapy may be réflected only by 
symptomatic relief from pain, stiff- 
ness, and spasms, without causing 
impairment of the patient’s ability to 


function. Our results show that the . 


relative effects of two medications 


may- be dearly diseineuishied by the 


clinical neurological examination: Dif- 


ferences are most clearly reflected in 


the reduction of the frequency and 
severity of flexor spasms and asso- 
ciated pain. and stiffness. Other mea- 
surements of spasticity, -such as 
resistance to passive joint movements 
and clonus, although less clinically 
significant than those mentioned pre- 
viously, are also good physiological 
indicators of antispastic activity. 

The patients self-evaluation of 
drug effect on musċle spasms, clonus 
and stiffness is also a reliable indi- 
eator of therapeutic benefit. Sponta- 
neous clonus and flexor spasms are 


troublesome symptoms, and relief is . 


welcomed by the patient. Patients in 
the baclofen treatment group showed 
improved ability to function, although - 
the degree of improvement was not 
significantly different from that at- 
tained in the placebo treatment group. 
Overall disability ‘improved signifi- 
cantly -from baseline value in- both 
treatment groups. This finding accen- 
tuates the fact that patients. with 


. spasticity are not immune.to a placebo 


response.'? Patients treated with pla- 
cebo also showed significant within- 


group responses during therapy with 
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regard to neurological assessments of 
irritability, ankle extension, hip ab- 
' duction, and patient self-evaluation of 
muscle stiffness and overall disabil- 
ity. 


The physician’s global i impression. of 


symptomatic change at the final visit 
showed that the overall spastic state, 
daytime and night spasms, and pain 
and stiffness had improved’ signifi- 
cantly in patients treated with baclo- 
fen. Although such daily activities as 
walking, sleeping, and general dexter- 
ity did improve during treatment, no 
differences between the treatment 
groups were apparent for these activi- 
ties. The apparent lack of drug effect 
on these activities suggests that 
baclofen is not likely to significantly 
affect the daily activities of patients 
with multiple sclerosis. This is in 
contrast to the adverse effect on 
patients’ daily - activities of other 
drugs such as dantrolene,?*> which 
may cause muscle- weakness, and 
diazepam, *7 which may produce 
severe drowsiness. 


Baclofen treatment was well toler- ` 


ated. Patients in both treatment 
groups reported similar neurological 
and gastrointestinal complaints, al- 
though as would be expected, these 
occurred with greater frequency in 
the baclofen treatment group. The 
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overall incidence of somnolence in 
previous unpublished studies of bac- 
lofen has been approximately half of 
that found in our study. A possible 
explanation of. this disparity may be 
that in this study, patients were asked 
whether they experienced drowsiness, 
while all other effects were volun- 
teered. Although patients with multi- 


ple sclerosis do experience this reac-. 


tion as well as weakness and vertigo 
as a matter of course during treat- 
ment, in this study, these reactions 
were not disturbing and generaly 
transient. 

Laboratory tests showed .no drug- 
related abnormalities, and significant 
effects on blood pressure’ and pulse 
rates were not observed during the 


course of this investigation. 


Gradual titration of baclofen dos- 
age is critical to an optimal anti- 
spastic response with minimal: side 
effects.: Although dosages should be 
titrated on an individual basis, an 


advisable starting dose for most. 


patients is 5 mg three times a day for 
three days, with gradual increases of 5 
mg every three days until a thera- 
peutic response or a maximum dosage 
of 20 mg four times a day is 
reached. 

The findings presented here indi- 
cate that compared to placebo, baclo- 
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` 


fen is an effective and well-tolerated 
drug.in relieving many of the trouble- 
some symptoms of spasticity in 
patients with multiple sclerosis. Pa- 
tients with multiple sclerosis often 
appreciate the relief from spasticity, 
painful cramps, and clonus and find 
an increased independence in their 
daily lives. Such patients are usually 
better candidates for nursing care and 
physical therapy. 

The method used to evaluate spas- 
ticity in this study was shown to be 
sensitive to the antispastic effect of 


baclofen. 
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A Study of Confabulation 


Brian Mercer; Wendy Wapner; Howard Giidi PhD; D. Frank Bondon MD 


® Confabulation consequent to organic 
amnesia is a well-described clinical 
finding. A number of plausible theories of 
confabulation have been proposed, but 
the various claims and counterclaims 


have not been systematically tested. A` 
standardized test battery that included 
four different kinds of questions plus - 


measures of suggestibllity and the ten- 
dency to utilize external cues was admin- 
Istered to ten amnesic patients who 
demonstrated varying degrees of confab- 
ulation. One additional patient, whose 


clinical condition changed dramatically. 


during his hospital course, recelved the 
battery on a number of occasions. 
‘Differences among patients were found 


dn overall performance, degree of confa-. 
bulation, and ability to use cues. Hypothe- _ 
relationships between confab- . 


sized 
ulation and suggestibility, degree of mem- 
ory disorder, and degree of disorientation 
were not confirmed. However, contabula- 


-tion proved to be strongly related to the 
"Inability to withhold answers, to monitor 


one’s’ own responses, and to provide 
verbal self-corrections. -These 
suggest a tentative model of. the process 


of confabulation as well as a: ‘number of . 


useful clinical signs indicating recovery 
from amnesia. i 
aise Neurol 34: 429-433, 1977) 


hen a patient has a significant 
amnesia, the clinical picture 
' includes confabulatory 
responses. Asked about events, partic- 
ulariy those in the recent past, the 


. patient may produce responses that 
‘are not only false but may incorporate 


bizarre or fantastic features. Such 
patients can often be induced into 
producing confabulations and appear 
unable to utilize either their own 


recollections or external’ cues in the . 


environment to censor potential con- 
fabulations.' Generally speaking, as 
the amnesia resolves, confabulation 
wanes and eventually disappears. 
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results i 


_ While these clinical features are 
widely accepted, much controversy 


surrounds the nature and causes of 


confabulation. Some authorities see 
confabulation as a reasonable reaction 
to or defense against the disease 
process**; others highlight individual 
personality. features, - 
patient’s suggestibility**; still others 
stress the loss of temporal signposts,’ 
the absence of a corrective mecha- 
nism, or the dream-like state of the 
patient.® Authorities have -also dif- 
fered on the number of forms’ of 
confabulation® and on the possible 
sources of individual confabulation."° 
Indeed, as Berlyne’s” recent review 
concluded, “the cause of confabulation 
remains obscure and no explanation is 
entirely adequate.” 

By citing specific cases, ahoni 


_ have been able to garner. evidence to 


support these various interpretations. 
Occasionally, a reasonably standard 
set of questions has: been posed to a 
group of‘ patients’? in an effort to 
support a given interpretation of 


confabulation. What has been almost. 


entirely lacking, however, are studies 


framed so that evidence that may- 


discriminate among competing inter- 
pretations can also be marshalled. One 


way to secure such evidence is to. 


devise a standardized test battery and 
to administer it under controlled 
conditions to a sample of confabulat- 
ing patients. The results of such an 
inquiry could shed light on the relative 
plausibility. of alternative accounts of 
confabulation. 

The present study addressed the 
following questions: 

1. How do amnesic patients with 
tendencies to confabulate respond to 
different types of questions? 

2. Under which circumstances; and 
to what extent, are such patients 
suggestible? | 

3. To what extent do sich patients 
utilize environmental cues that relate 
to the questions being posed? 

4, Which kinds of ancillary behav- 
iors—self-corrections, ’ significant. la- 
tency to response, awareness of con- 


such as the 


. tradictions, consistencies within and 


across sessions—are associated with . 
confabulation? 

5. What happens to the incidence of 
confabulation in the course of a 
disease process? 


PATIENTS AND METHODS: 
Subjects — 


Eleven patients, identified by the at- 
tending physicians as possible confabula- 
tors, were drawn from the Neurobehav- 
ioral Center of the Boston Veterans 


- Administration Hospital. With the excep- 


tion of patient 11, whose confabulatory 
status changed, the patients’ degree of 
confabulation remained stable throughout 
the study. On the basis of the degree of 
confabulation in a structured interview, 
the patients were divided into three 
groups: (1) two severe confabulators (who 
confabulated on more than one third of the 
questions); (2) four mild confabulators 
(who confabulated on at least two ques- 
tions during one of the interviews); and (8) 
four nonconfabulators (patients who never 
produced more than one confabulation but 
did show recent memory loss or disorienta- 
tion). Further description of these patients 
is presented in the Table. 


The Interview 


Patients were posed 41 questions divided 
into four main ‘categories: (1) questions 
probing overlearned issues associated with 
remote memory (eg, patient’s birthplace, 
the last grade completed in school); (2) 
questions drawing on recent , memory 
(reason for current hospitalization, location 
of the hospital, day of the week); (3) ques- 
tions that could be answered by drawing on 
cues in the room (the present weather, the 
name of the interviewer); and (4) questions 
that frequently drew an appropriate “I 
don’t know” reply from a nonneurological 
contro] group in the hospital (the winner of . 
last year’s Superbow)). 

' In addition to this standard interview, 
an attempt was made to assess suggestibil- 
ity. On the completion of the 41 questions, 
the patient was told that he had given the 
correct answer to certain questions but 
that these responses, inadvertently, had 


~ not been recorded. The questions re- 


peated were -the first three to which the 


- patient had responded with “I don’t know.” 


Since all patients had some degree of 
recent memory deficit, it was hypothesized 


Confabulation—Mercer etal 429 


Patient/Age, yr 






Severe 


2/61 
3/43 . 
4/47 


Severe 


Mild | 





Degree of Confabulation . 





< 


Description Of Patient Popu'ation 





Diagnosis 


Korsakoff's pattern; hypoxic 
‘encephalopathy © 


Wernicke’s encephalopathy 
Korsakoff's syndrome 
Normal pressure hydrocephalus 


+ 
1 
{ 


Cardiac arrest - -43 
Chronic alcoholism ; 
. Chronic. alcoholism 


Removal of right posterior 
parietal-temporal 
hematoma 


Wechsler Quotients 
(if Available) ` 


Verbal 
intelligence 
Quotient 


Memory 
Quotient 





94 64 





5/46 . Mild - Anoxic encephalopathy Cardiac arrest 111 







7/55 Nonconfabulator 
8/89 - Nonconfabulator 
Nonconfabulator 


Nonconfabulator 
Variable 


10/67 





 *Values in parentheses are postshunt quotients. 


that a tendency to confabulate on rean- 
swering would reflect individual -person- 
ality characteristi¢s rather than degree of 
amnesic disorder. E 


Procedure and Scoring 


The questions from the four categories 
were randomized and presented in the 
same order to all patients. Patients’ 
responses, including latencies, comments, 
and ‘expressive redctions, were recorded. 
Only if the patient took more than five 
seconds to answer any question was he 
scored as having a latency to respond. 
Patients were never pressed to give a 
response. Most patients were seen two to 
three times in the course of a four to six 
week period; a total of nine interviews 
were administered to severe confabulators, 
ten to mild. confabulators, and five to 
noneonfabulators. Because patients’ pro- 
files proved quite similar to one another, 
the results were summed within each 
. confabulatory group for data analysis. 

The correct answer to each question was 
determined from the patient’s hospital 
record or his immediate family. If the 
correct answer could not be determined, 
the item was not scored. Responses were 
scored as “correct,” “wrong,” “I don’t 
know,” or “confabulation.” As there is no 
clear line between an error and a confabu- 
` lation, an arbitrary decision had to be made 
regarding the scoring of specific erroneous 
responses. Confabulations were readily 
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Korsakoff's psychosis 


Alzheimer's syndrome 
Korsakoff's syndrome ` 
Dementia - 


Korsakoffs syndrome 
Normal pressure hydrocephalus 


Chronic brain syndrome 
. | with cortical atrophy 
Organic dementia 
- Ghronic alcoholism 123 6 
Probable Alzheimar’s - 
syndrome 
Chronic alcoholism 114 96 
Progressive deterioration 
- of mental status; 


96 
93 l 


76 - 58 
2 





74 (101)* 60 (99) 


ventricular-pleural shunt 
implanted, follcwed by 
rapid improvement of 
mental status 


identified in the case of questions for 
which a distinct correct answer exists: 
specific places, events, names of people, 
ete. In the case of questions pertaining to 
number or time, however, there is a 
gradient of possible answers ranging from 
a slight error to a markedly bizarre 
response. ~_ 

Lesser deviations were counted as simple 
errors. The criteria were a date inaccurate 
by more than ten years; a date having 
neither day, month, or year correct; hour of 
day. off by more than three hours; a day of 
the week two or more days in the past or 
future; any valueless number (like a social 
security number) that featured a change in 
more than one third of the digits; and any 
other number (floor in the hospital, number 
of children) off by a factor 2f more than 
150%. It is important to note that very few 
responses occurred in the “borderline 
region”; hence, any shift in the criteria 
from the conservative posizion adopted 
would not have appreciably affected the 
findings. i 


RESULTS 
Control Patients 


The interview was administered to 
three non-neurological patients at the 
hospital. Every question was an- 


‘swered correctly except for six in- 


stances of “I don’t know” responses, 
one confabulatory reply, and one 
wrong answer. 


Comparison of Performances 
by Severe and Mild Confabulators 
on the Four Types of Questions 


Questions Probing Remote Memo- 
ries.—Approximately three fourths of 
these questions were answered cor- 
rectly by the severe confabulators, 
and only a small number of confabula- 
tions (14%) were noted. Mild confabu- 
lators performed equally well on this 
category and made virtually no con- 
fabulations (less than 5%). 

Questions Probing Recent Memo- 
ries.—The severe confabulators gave 
correct responses to 12% of these ques- 
tions and confabulatory responses on 
two thirds of them. Mild confabulatars 
responded correctly on approximately 
60% of these questions; they confabu- 
lated on 18% of the questions. Nearly 
all (95%) of their total confabulations 
occurred on this set of questions. 

Questions Probing Use of Available 
Cues.—Severe confabulators at- 
tempted to use cues on less than one 
third of the available opportunities; 
even when they did use the cues, 
correct responses emerged on less 
than half of the occasions. The 
number of correct responses produced 
by severe confabulators was actually 
greater on those questions where cues 
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te n 


oe 


‘a confabulation. A 


were unavailable. In sharp contrast, 


mild confabulators used cues approxi- ` 


mately two thirds of-the time that 
they were available, and their per- 
formances improved greatly (from 


36% correct to 95% correct) in the © 


presence of the cues. 

“I don’t know” Questions. shavers 
confabulators answered 22% of these 
questions correctly, responded “I 
don’t know” on 55% of the trials, and 


- produced frank confabulations on 17% 


of trials. The response profile of the 
mild confabulators was similar: 10% of 
the patients pave correct responses; 
75%, “I don’t know” responses; and 
5%, confabulations. 


Assessment of Suggestibility 
Both severe and mild confabulators 


_responded similarly when deceived 


into believing that they had re- 
sponded earlier to specific questions. 
Mild confabulators changed their re- 


plies on 28% of the occasions, severe — 
confabulators on 31% of the occasions. 


Consistent with the extent of their 
disorder, mild confabulators never 
produced a confabulation when al- 
tering their. response, while severe 
confabulators always responded with 
“suggestibility 
account” of confabulation should pre- 
dict that severe confabulators would 
be more likely to change their answers 
when given an impetus to do so, and 
that all changes in responses stimu- 
lated by this description should be 
confabulations. The present results 
argue against a patient’s prior procliv- 
ity toward suggestibility as a major 
factor in incidence of confabulation. It 
ig more parsimonious to view appar- 
ent suggestibility as secondary to a 
general tendency toward confabula- 
tion. 


Other Findings 


The relationship between tendency 
to confabulate and disorientation for 
time, place, and person was noted. 
Inasmuch as nonconfabulators actual- 
ly produced more errors on the seven 
questions probing orientation than 
the mild confabulators, the hypothe- 
sized direct relationship between dis- 


- orientation and confabulation was not 


confirmed. Similarly, a hypothesized 
relation between severity of memory 
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disorder and the degree of confabula- ` 


tion was called into question by the 


ability of even the, most amnesic 


patients to respond “I don’t know” on 


_ the majority of the “I don’t know” 


questions. 

One striking baed tawe of 
the severe confabulators was the 
absence of awareness that one re- 
sponse completely. contradicted anoth- 


er given previously. Another was the 


repetition of the same confabulatory 
response by patients in response to 
widely disparate questions. Answers 


' and themes bearing a strong affective 


stamp (eg,.a wartime experience) 
were likely candidates for such per- 
severative confabulations). The inabil- 
ity to monitor consistency within and 
across interviews may result from the 
same inadequacy the prevents severe 
confabulators from drawing on cues 
available in the external environ- 
ment. 


REPORT OF A CASE 


In the course of this study,’ one patient 
underwent a dramatic change in condition: 
the alterations in confabulation he pre- 
sented proved instructive. Patient 11 
entered the hospital- after head trauma 


that had caused subarachnoid hemorrhage 


and biparietal intracerebral hematomas. 
At the time of admission, patient 11 con- 
fabulated on approximately one fifth of 
the: questions. Subsequently, his memory 
deteriorated and both disorientation and 
confabulation increased, apparently the 
result of normal pressure hydrocephalus. 
Within one month of admission, he confab- 


' ulated on more than one half of the ques- 
‘tions and qualified as a severe confab- 
‘ulator. 


A ventriculopleural shunt was im- 


planted, with a dramatic improvement in 


mental status. He became well oriented, his 
cognitive and mnemonic deficits resolved, 
and confabulation gradually cleared. 

This behavioral course entailed striking 
quantitative and qualitative features. As 
can be seen in the Figure, the number of 
confabulations increased markedly during 
the downhill course and decreased dramati- 
cally after the shunt. The’ number of 
correct responses showed an inverse pat- 
tern. Of special significance were the 
number of verbal self-corrections produced 
by the patient. With improvement after 
the shunt, the number of overt self-correc- 
tions . increased,“ then levelled off, and 
finally began to recede. Paralleling this 
incidence was the efficacy of the verbal 


checks, In the deteriorating phase of the 
illness, less than one fifth of the correc- 
tions led to correct response; in contrast, 
during the recovery phase, more than one 
half of the self-corrections ultimately led to 
correct answers. Finally, the latency to 
responses also reflected patient’s condi- 
tion. The tendency to exhibit a latency to 
response was low during the most severe 
period of the illness; it rose dramatically 
during later portions of the recovery phase, 
particularly after overt self-corrections 
had peaked and were on the wane. 

Some sample responses demonstrate 
these trends. Asked to identify the Presi- 
dent, patient 11 cited “Johnson,” “Eisen- 
hower,” and “Hart, from the South 
Washington area” in the three interviews 
in the downhill phase. Following the im- 
plantation of the shunt, he initially 
proposed, “Not Johnson, I don’t, know”; in 
the next interview, he said, “Not Johnson 
but I was thinking about a football player 
without a helmet”; Ford was correctly 
named during the third and fourth postop- 
erative interviews. A similar pattern was 
observed in naming the hospital. His usual 
response during the period of decline was 
the “West Roxbury V.A. Hospital.” After 
surgery, he first replied, “A V.A. Hospital, 
but not in West Roxbury.” Then following 
a hesitation, he correctly responded that he 


was in the “Jamaica Plains V.A.” In the 
following interview, he stated he “was in | 


the V.A. Hospital in Jamaica Plains, not 
West Roxbury.” The hospital was correctly 
named in the third and fourth postopera- 
tive interviews. 


Verbal Checking 


The response pattern of patient 11 
clarified the role of lengthy latencies. 
Asked for his birthday (1929), he 
immediately replied, “1926,” paused 
six seconds, then said, “1928, I’m 
sorry.” Asked to name the previous 
year’s Superbowl victor (Pittsburgh 
Steelers), he immediately responded, 
“A team from Philadelphia,” then 
paused for six seconds and added, “the 
name I can’t,” stopped for another 
eight seconds and commented, “Not 
Philadelphia, but that state that it is 
n.” Such indices suggest that ‘the 
patient was monitoring his thoughts 
and eliminating inappropriate 
responses during the latency. 

Because of the relative stability in 


` the conditions of the other patients, 


such trends within the same patient 
could not be . monitored. However 
parallel phenomena of checking and 
latency were observed in other pa- 
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35 @-——@ correct responses 


O ~O 
A m A 
[u] with confabulation responses 


30 


NUMBER. OF ITEMS 


with jatencies 
with verbal seif-corrections 


V. P SHUNT 


DATE OF INTERVIEW 





Number of correct responses, confabulations, latencies to respond, and verbal self-correction given by patient 11 
on various administrations of the battery during his hospital course. VP indicates ventriculopleural shunt. 


tients. Specifically, only four occa- 
sions of verbal checking by severe 
confabulators were noted; in contrast, 
mild confabulators corrected them- 
selves 21 times in an equivalent 
number of interviews. 

By the same token, nonconfabula- 
tors proved more likely to answer 
eorrectly those questions on which a 
significant latency was exhibited. In 
contrast, mild and severe confabula- 
tors exhibited few latencies and did 
not benefit from them. Indeed, mild 
confabulators provided correct 
answers twice as often on trials 
without latencies, and severe confabu- 
lators showed a fivefold difference in 
accuracy between latency and nonla- 
tency trials. 

Finally, pauses before responses 


occurred on only 10% of trials among . 


the confabulators, while on 59% of the 
items among nonconfabulators. These 
findings are all consistent with the 
hypothesis that latency represents an 
internalization of a  self-correction 
process. 
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COMMENT 
The present study demonstrates a 


series of quantitative and qualitative’ 


differences among patients having 
different degrees of confabulation; 


the results of a standard test battery 


and a case study of a recovering 


amnesic suggest a tentative model of 


the confabulation process. 
It has proved possible to distinguish 


between severe and mild confabula- 


tors on a number of measures. The 
severe confabulators emerge as gross- 


‘ly impaired in recent memory, com- 


paratively successful with long-term 
memory questions, and generally 
aware when an answer to a question is 
not expected. Confabuilation occurs 
chiefly on questions wh2re an answer 
is expected. Latencies to responses are 
brief, there is little evidence of self- 
correction, and cues are used only 
intermittently as an aid to response. 

Mild confabulators differ from se- 
vere confabulators chiefly in their 
response on questions involving re- 
cent memory. Though nearly all of 


their confabulations occur on these 
questions, their overall success on such 
questions is far superior, and there is 
a greater tendency toward verbal self- 
correction and latencies 
responses. They are alert to environ- 
mental cues and can usually draw on 
them to arrive at correct answers. 

The mnemonic capacity of amnesic 
patients without confabulation may 
be indistinguishable from that of mild 
eonfabulators, but the former group 
exhibits high latencies and much self- 
correction, functions that appear to 
shield out confabulations. 

Our results cast doubt on a number 
of views of confabulation. The lack of 
a direct relation between number of 
correct answers and degree of confab- 
ulation invalidates a conception of 
confabulation as a direct product of 
memory deficit. The equivalent num- 
ber of alterations in response by mild 


‘and severe confabulators after an 


experimenter’s suggestion rules out 
individual personality  proclivities 
(suggestibility) as a major cause of 
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before — 


confabulation. The incidence of disori- 
entation found in nonconfabulators 
cautions against a strong linkage 
between orientation and tendency to 
confabulate. 

Insights into the processes of con- 
fabulation can be obtained from the 
study of the decline and recovery of 
performance in patient 11. Of partic- 
ular interest was the inverse correla- 
tion between amount of confabulation 
and latency to response, as well as the 
relation of the degree of overt verbal 
self-correction with the total number 
of correct answers. Of special signifi- 
cance, too, is the finding that in the 
later stages of recovery, over self- 
corrections decline but latency to 
response continues to remain high 
until recovery is almost complete. 

The pattern of results during the 
course of this patient’s disorder sug- 
gests a tentative model of confabula- 
tion. A necessary (though not suffi- 
cient) prerequisite for confabulation 
is impaired memory function. Replies 
issued by confabulators reflect use of 
those aspects of memory that are most 
strongly entrenched—overlearned 
long-term memory topics, particularly 
facts and issues of great importance 
or strong affective stamp. Although 
they may be patently inconsistent 
with his current situation or environ- 
ment, the patient believes these 
responses to be true. 

The severe confabulator differs 
from the non-confabulator or the mild 
confabulator chiefly in decreased abil- 
ity to monitor and correct answers. 
This deficit is not evident, of course, 
when the patient answers correctly or 
when “I don’t know” is an acceptable 
response. But on issues where a 
response is expected, entrenched 
responses appear spontaneously and, 
in the absence of a self-monitoring or 
a search for external verification, 
frank confabulations abound. Thus, 
confabulation can be attributed to the 
coincidence of four factors: (1) the 
patient believes that a response is 
required, (2) accurate memory of the 
answer is lacking, (3) an overlearned 
and affectively significant response is 
available, and (4) ability to monitor or 
self-correct is defective. 

Still to be clarified are the nature of 
this monitoring process and its re- 
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emergence during a period of recov- 
ery. It can be assumed that under 
normal conditions, any potential an- 
swer about which the respondent is 
uncertain can be checked against a 
variety of indices: external informa- 
tion, previous responses in the session, 
canons of logic and plausibility, ete. 
Moreover, in the absence of amnesia, a 
basic orientation for time (the present 
year, what has happened recently, and 
what happened a long time ago) is 
always present. In contrast, the con- 
fabulator lacks at least the inclination, 
and quite possibly the capacity, to 
carry out such monitoring. Thus, a 
prepotent response erupts and is 
enunciated without hesitation. 

In the course of a recovery from 
amnesia, temporal orientation begins 
to return. The patient slowly becomes 
aware of the present time, what has 
happened in the recent past, answers 
he has given to previous questions, 
and, of great importance, the fact that 
he has had a memory disturbance. 
With this recovery, he becomes aware 
of the possibility of issuing a wrong 
response. He thus searches for evi- 
dence, provided either by personal 
recollections or external aids, that ean 
guide him toward a correct response. 

In recovery from organic amnesia, 
it seems reasonable to expect that 
patients will rely on concrete aids and 
on external (overt) behaviors. Indeed, 
it is well established that patients 
suffering from disease are inclined to 
be concrete and to enact their 
concepts in an external manner." 
These factors presumably contribute 
to the inclination of the recovering 
confabulator to think aloud, to correct 
himself, and to take his time in 
coming to a correct response. Grad- 
ually, the external aids can be inter- 
nalized; thus, the patient still reflects 
for a period of time before responding 
but need no longer announce his 
responses aloud: he can review a large 
set of alternatives by means of “inner 
speech.”'*'6 Moreover, increasingly 
aware of his condition, he proves 
impervious to unwarranted external 
suggestions and is quite willing to 
respond “I don’t know” to questions 
about which no knowledge can reason- 
ably be expected. 

Though generally consistent with 


earlier accounts, results obtained in 
the present study cast doubt on 
certain theories regarding the nature 
of confabulation and outline a pattern 
of responses and behaviors that ean be 
expected from amnesic patients with 
confabulation. A repertoire of 
responses to be expected for diverse 
questions presented under various 
conditions has been delineated. In 
addition, several indices heralding the 
resolution of an amnestic-confabula- 
tion picture have been identified. 
Finally, the present model of confabu- 
lation, with its emphasis on self-moni- 
toring, use of external cues, and overt 
or covert verbalization, places this 
disorder within the broader family of 
cognitive and amnestic disorders af- 
ter brain disease. 


This investigation was supported in part by 
grants NS 11408-04 and NS 06209 from the 
National Institute of Neurological and Communi- 
cative Disorders and Stroke, by the Veterans 
Administration, and by Harvard Project Zero. 
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Recurrent Encephalitis With Elevated 
Titers for Herpes Simplex 


Jerrold M. Milstein, MD, Howard E. Biggs, Jr, MD 


è An 8-year-old boy was seen on two 
occasions 14 months apart with signs and 
symptoms of encephalitis. The clinical 
course and laboratory studies were highly 
suggestive of herpes simplex infection 
during both episodes. 

(Arch Neurol 34:434-436, 1977) 
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Fig 1.—Chlormerodrin Hg 203 brain scan showing uptake in right 
parietal area. Left, Right lateral projection. Right, Anterior projec- 
tion, showing uptake to be more superficial. 


Bers and recurrent viral infec- 
tions of the nervous system have 
become important to the understand- 
ing of the pathogenesis of several 
disease processes.'"* As the evidence 
documenting the persistence of 
herpes simplex in the nervous system 
accumulates,** it is predictable that 
patients with recurrent herpes sim- 
plex encephalitis will be identified. At 
the present time, only one such case 
has been recorded in the literature." 
Several other psychiatric patients 
have been noted to have exacerbations 
of their symptoms associated with 
elevations of titers for herpes sim- 
plex.’ 
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The more basic question of the 
pathogenesis of a recurrent herpes 
simplex infection has been the subject 
of several investigators.*'* The evi- 
dence as to whether the encephalitis 
results from a primary infection vs 
the reactivation of a latent infection is 
not definitive.** 

Clinical documentation of herpes 
simplex encephalitis is often less than 
complete. =° Several laboratory 


techniques have been helpful,’ but 
anything short of isolation of the virus 
from the nervous system must be 
considered to be only presumptive 
evidence of herpes simplex encephali- 
tis. 


pe 


The present case represents the 
second case of presumed recurrent 
herpes simplex encephalitis. 


REPORT OF A CASE 


The patient was an 8-year-old boy who 
was in good health until he had a focal left- 
sided seizure followed by left-sided weak- 
ness (Todd’s paralysis). The cerebrospinal 
fluid (CSF) contained 23 white blood cells 
(WBCs) per cubic millimeter, 22 mononu- 
clear cells, and one polymorphonuclear cell. 
Protein and glucose contents were normal, 
and the culture was sterile. Seven days 
later, the CSF contained 18 mononuclear 
cells per cubic millimeter. He continued to 
have left focal seizures, Todd’s paralysis, 
and intermittent fever, and was trans- 
ferred to our center for further diagnostic 
studies. 

A nuclide brain scan showed increased 
right hemispherical uptake (Fig 1). A right 
carotid angiogram was normal. Because of 
the focal seizures and the abnormal brain 
scan, a craniotomy was performed. At the 
time of surgery, the brain was described as 
edematous with cloudy CSF in the sulci. 
Study of biopsy material showed inflam- 
matory reaction with perivascular infiltra- 
tion and microglial proliferation; no inclu- 
sions were present (Fig 2). Results of 
pathologic studies were consistent with a 
diagnosis of viral encephalitis. 

Postoperatively the patient had another 
seizure; thereafter he gradually became 
less lethargic and the left hemiparesis 
cleared. He was treated with phenytoin 
and phenobarbital and was discharged 
three weeks after the onset of his illness. 

The following week, the patient com- 
plained of visual loss and headaches. Exam- 
ination disclosed papilledema and a mild 
left hemiparesis. Several days later, a 
lumbar puncture showed an opening pres- 
sure of 200 mm; the CSF contained two 
lymphocytes per cubic millimeter; the 
protein and glucose levels and the colloidal 
gold curve were normal. The symptoms and 
findings resolved over a three-week peri- 
od. 

During the course of his illness, serum 
samples were obtained for antibody 
studies. The only change was in the herpes 
simplex complement fixation titer, which 
was 1:10 initially and subsequently in- 
creased to 1:80. No virus was isolated from 
brain or CSF. 

Over the next 14 months, the patient was 
entirely well. Anticonvulsant medications 
had been discontinued for several months. 
When the patient again developed focal 
motor seizures involving the right extrem- 
ities. A lumbar puncture performed at the 
referring hospital showed normal pressure 
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Fig 2.—Top, Perivascular infiltration. Bottom, Microglial proliferation and pleomor- 


phism. 


and no cells. Phenobarbital therapy was 
reinstituted and further studies were 
done. 

The patient was oriented and seemed 
alert, although he had some difficulty fol- 
lowing simple directions. No other objec- 
tive evidence of aphasia could be demon- 
strated. Funduscopic examination showed 
optic atrophy and no evidence of papil- 
ledema. Lateral and vertical nystagmus 
were present. Postictally, the patient had a 
Todd’s paralysis on the right, but during 
the interictal periods the motor examina- 
tion gave normal findings. The muscle 
stretch reflexes were more active on the 
left than on the right. No pathologic 
reflexes were elicited. There was impaired 
position sense, impaired two-point discrim- 
ination, and poor stereognosis on the right. 
Results of cerebellar tests and general 


physical examination were normal. 

The right focal motor seizures continued. 
A nuclide brain scan performed shortly 
after admission showed an area of in- 
creased uptake in the left parietal lobe (Fig 
3). A left carotid angiogram was normal. 
Viral cultures were performed on CSF. No 
viruses were isolated. No cells were present 
in the CSF initially, but five days later 
there were 270 WBCs per cubic millimeter, 
253 polymorphonuclear cells, and 17 mono- 
nuclear cells. Routine bacteriologic cultures 
were sterile. A second lumbar puncture 
five days later showed 16 mononuclear cells 
per cubic millimeter. Spinal fluid protein 
electrophoresis values were within normal 
limits. The nuclide brain scan repeated 
three weeks later was normal. Comple- 
ment-fixation titers for herpes simplex 
were 1:10 during the acute phase of the 
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Fig 3.—Technetium Tc 99m brain scan, showing area of increased uptake in left parietal 


region. Left lateral projection. 


illness and rose to 1:40 in the convalescent 
sample. 

The patient’s symptoms and findings 
slowly resolved over the next month. When 
examined 4, 8, and 12 months later, the 
only residual finding was bilateral optic 
atrophy. His schoolwork continues to be 
satisfactory, and no personality changes 
have appeared. 


COMMENT 


As early as 1925, Perdrau’’ recog- 
nized that herpes simplex virus could 
remain latent within the central 
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nervous system. More recently herpes 
simplex virus has been found in 
trigeminal ganglia, brain stems, and 
spinal cords.***'* 

The problems of establishing the 
diagnosis of herpes simplex encepha- 
litis have been the subject of several 
reviews." Criteria of positive diag- 
nosis include (1) virus isolation, (2) 
inclusion bodies in the cerebral biopsy 
specimen, and (3) a fourfold rise in the 
titers for herpes simplex. Most fre- 
quently the diagnosis was the result of 
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clinical decision because of the ab- 
sence of laboratory confirmation. 
Since the advent of radioisotopic brain 
scans, reports of herpes simplex 
encephalitis producing abnormal 
scans have appeared in the litera- 
ture.” 

The focal clinical features were 
confirmed by the radioisotope scan. 
The abnormal brain scan findings in 
the present case are compatible with 
recurrent central nervous system in- 
sults resulting in a breakdown of the 
blood-brain barrier. Other diagnostic 
possibilities that could account for the 
brain scan abnormalities are less 
likely based on the biopsy specimen, 
normal cerebral angiography, and the 
clinical course. 

The gross features noted at opera- 
tion are compatible with meningoen- 
cephalitis. The microscopic changes of 
perivascular infiltration as well as the 
microglial proliferation and pleomor- 
phism are more compatible with a 
viral than a bacterial process. The 
absence of intracellular inclusion bod- 
ies does not rule out the presence of 
herpes simplex." 

Antibody titers frequently increase 
with primary herpetic infections, and 
the titers may increase during recur- 
rent herpetic infections.™® Localized 
recurrence, particularly in the central 
nervous system, may not provoke an 
anamnestic response.” The presence 
of a positive serological response 
during both episodes of encephalitis is 
highly suggestive of recurrent herpes 
simplex infection. 
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Child Neurology 


Three-Generation Pedigree 


of a Mobius Syndrome Variant 


With Chromosome Translocation 


Fred A. Ziter, MD; Wilmer C. Wiser, PhD; Arthur Robinson, MD 


è We report the clinical and cytogenetic 
data on seven members of a family, span- 
ning three generations, who showed 
congenital facial diplegia and finger 
contractures. Each affected member 
showed an identical chromosome abnor- 
mality, reciprocal translocation between 
chromosome 1 and 13. The concurrence 
of the clinical and cytogenetic defect in 
this family suggests a direct and possibly 
etiologic relationship. 

(Arch Neurol 34:437-442, 1977) 


he many isolated reports of famil- 

ial chromosome translocations 
have been summarized recently. An 
array of abnormal phenotypes may 
result from such cytogenetic defects, 
some of which conform clinically to 
classical trisomy 21, 18, or 13. Others 
show merely a constellation of anoma- 
lies difficult to sequester into any 
recognizable malformation syn- 
drome.” 

We have encountered a family with 
an inherited chromosome transloca- 
tion that is expressed clinically as 
congenital facial diplegia and flexion 
deformities of the fingers (Fig 1). 
This report demonstrates the clinical 
and cytogenetic data in members 
from three generations and presents 
arguments supporting a causal rela- 
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tionship between the cytogenetic and 
clinical defects. 


REPORT OF CASES 


Case III-1.—This 11-year-old boy was the 
product of an uncomplicated term preg- 
nancy and at birth, showed facial weak- 
ness, fixed flexion of the fingers, and 
metatarsus varus deformity of the feet. 
Effective sucking was possible only when 
the cheeks were held together. Develop- 
ment proceeded normally except for 
delayed speech. Finger contractures were 
corrected surgically at the ages of 2 and 5 
years. Poor school performance prompted 
psychometric evaluation at the age of 6% 
years and showed an IQ of 65. The facial 
weakness remained unchanged. No appar- 
ent weakness of other muscles was noted. 

Results of the physical examination 
showed a somewhat thin boy who was 
socially immature for his age. Height, 
weight, and head circumference were 
normal. Dense paralysis of muscles of the 
upper two thirds of the face, including the 
upper lip, was evident when various 


maneuvers such as pursing the lips, forced 
eye closure, and wrinkling the brow were 
attempted (Fig 2). Mild ptosis was present, 
but other extraocular movements and 
pupillary reaction were normal. There was 
no nystagmus. Lacrimation, taste sensa- 
tion, and Bell’s phenomenon were intact. 
Fasciculation of the face and tongue 
muscles was absent. Direct funduscopy 
showed no cataract, optic atrophy, or reti- 
nitis. Visual acuity and fields were normal. 
Phonation and deglutition were normal, 
and the muscles of mastication were 
neither atrophic nor weak. Hearing was 
normal in the left ear but absent in the 
right. Other abnormalities included mild 
pectus excavatum and hand deformities. 
The latter (Fig 3) consisted of bilateral 
flexion contractures of the third, fourth, 
and fifth fingers, mild weakness and 
wasting of thenar, hypothenar and interos- 
seous muscles, and several surgical scars. 
The hand abnormalities were more marked 
on the left. The remainder of the examina- 
tion showed normal muscle bulk and 
strength, full range of motion of joints, 
and no evidence of foot deformities. 


Fig 1.—Pedigree chart with combined hand and face anomalies and chromosome 


translocation. 
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Fig 2.—Patient III-1 (left) and Il-1 (right) 
attempting grimace and forced eye clo- 
sure. 


Fig 3.—Hand deformities. Left, Patient III-1. 
Right, Patient Il-1. 


en chromosome 1 and 13 (arrows). 
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Fig 4.—-Complete karyotype of patient lil-7, showing translocation betwe 
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Tendon reflexes were symmetrical and 
active, and Babinski signs were absent. 
Sensory and cerebellar tests were normal. 

Audiometric tests showed severe neural 
deficit on the right with normal responses 
on the left. The serum creatine phosphoki- 
nase (CPK) level was 2.5 Kuby units (nor- 
mal, 0 to 1.0 Kuby units). Skull x-ray films 
and tomograms of the temporal bone were 
normal. 

Electromyographic evaluation showed 
increased numbers of simple biphasic 
potentials of normal amplitude in the first 
dorsal interossei muscles. Conduction ve- 
locities of the left peroneal, ulnar, and 
median nerves were 50, 66, and 58/sec, 
respectively. Distal latencies were normal. 
Stimulation of the left facial nerve while 
recording from the orbicularis oris elicited 
a complex potential after a latency of 8 
msec. No myotonia was detected. 

Case II-1.—This 39-year-old woman was 
born with facial weakness and hand defor- 
mities that have not worsened. Finger 
flexion deformities were partially cor- 
rected by two surgical procedures. Aside 
from the face and hands, there were no 
complaints of muscle weakness or fatigue. 
There has been no diplopia or other visual 
complaints, dysphagia, or loss of hearing. 
She completed a high school education but 
has always been withdrawn socially, which 
she attributes to her unusual facial 
appearance. She is divorced, has had one 
pregnancy, no miscarriages, and men- 
struates regularly. 

The patient showed moderate obesity, 
dull normal intellect, severe bilateral facial 
weakness, and flexion contractures of 
fingers. The skin overlying the face was 
shiny and wrinkle-free, with absence of the 
nasolabial folds. Forced eye closure showed 
Bell’s phenomenon and minimal lid closure. 
The pattern of facial weakness resembles 
closely that of patient III-1, being most 
severe in the upper two thirds of the face 
(Fig 2). Ophthalmologic evaluation showed 
30 diopters of exotropia in the right eye, 
normal ocular movements, chronic bilateral 
exposure keratitis, senile cataracts, and 
myopia, more marked in the right eye. 
Pupillary reactions were normal. Lacrima- 
tion, taste, hearing, and facial sensation 
were intact. Masseter, tongue, sternoclei- 
domastoids, and pharyngeal muscle 
strength was normal. Bilateral finger 
flexion contractures of the third, fourth, 
and fifth digits were associated with mild 
weakness and wasting of intrinsic hand 
muscles (Fig 3). Girdle, trunk, and remain- 
ing distal muscles showed normal strength 
without wasting. Tendon reflexes, sensory 
function, and cerebellar tests disclosed no 
abnormality. Percussion myotonia was not 
elicited, and muscle fasciculation was 
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Fig 5.—Composite translocations found in each affected member (karyotype from patient 
Il-5 not included). 
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Fig 6.—Relationship between elongated short arm chromosome 1 and 13 in two affected members. 


absent. All joints except for the digital 
moved freely, and no foot deformities were 
detected. 

The serum CPK level was normal. Chest, 
cervical, spine, and skull x-ray films were 
normal; but those of the hands showed 
flexion deformities of the fingers without 
intrinsic joint abnormalities. 

Electromyogram of facial muscles 
showed no motor units, and those in the 
opponens pollicis were decreased in num- 
ber and increased in amplitude and dura- 
tion with increased proportion of poly- 
phasic units. No fibrillation potentials or 
myotonia were detected. Stimulation of the 
left facial nerve while recording from the 
orbicularis oris muscle elicited a low-ampli- 
tude polyphasic response after 7.4 msec. 
The Tensilon (edrophonium chloride) test 
was negative. 

Muscle biopsy of intrinsic hand muscles 
was attempted during tenolysis, but explo- 
ration of the palm showed no intrinsic 
musculature. 

Case Il-3.—This 36-year-old man would 
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not allow complete examination of himself 
or his daughter (patient III-7) but did 
comply with the request for cytogenetic 
studies. It was obvious that he had the 
same facial defects present in other family 
members. The skin of the face was shiny, 
and expression was nearly totally lacking 
when he laughed. Incomplete lid closure 
was evident. Bilateral finger flexion con- 
tractures were present. 

Case IlI-7.-This 3-year-old girl had 
nonprogressive facial weakness since birth. 
No information on developmental mile- 
stones was available. She displayed bilat- 
eral facial muscle weakness and finger 
flexion deformities that were remarkably 
similar to other affected members in the 
pedigree. 

Case II-4.-This 33-year-old alcoholic 
man showed an expressionless, wrinkle- 
free face and lack of facial movements on 
attempted voluntary implementation. Mild 
ptosis was present, but extraocular move- 
ments, visual fields, funduscopy, and pupil- 
lary reactions were normal. He showed no 


weakness of tongue, pharyngeal, or laryn- 
geal muscles. There were moderate flexion 
contractures of the fourth and fifth fingers 
bilaterally. His muscle bulk and strength 
were normal and percussion myotonia and 
muscle fasciculation was absent. The testi- 
cles were firm and of normal size. The 
patient stated that the facial and finger 
abnormalities had not increased over the 
years. Patient I-2 confirmed the presence 
of the abnormalities at birth. The patient 
died suddenly in a remote area, and the 
brain was not examined at autopsy. 

Case II-5.—This 30-year-old woman was 
noted to have severe bilateral facial weak- 
ness since birth. Her facial appearance was 
described as essentially identical to her 
sister’s (patient II-1). Flexion contractures 
of the third, fourth, and fifth fingers were 
present. No generalized weakness or other 
skeletal defects were noted. She has 
remained unmarried. 

Case II-2.-This 37-year-old woman dis- 
played none of the facial or finger abnor- 
malities noted in her siblings or mother. 
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She has five children, none of whom have 
facial weakness or finger deformities. 

Case I1-2.-This 61-year-old woman 
showed the same type of facial and hand 
abnormalities present in her children and 
grandchildren. The defects were appar- 
ently present at birth and were nonpro- 
gressive. Because of her unusual facial 
appearance, she considered herself a 
“freak” and shunned social or medical 
contacts. She had five uncomplicated preg- 
nancies and no miscarriages. She was one 
of eight children and states with confi- 
dence that none of her siblings had facial 
abnormalities nor was she aware of the 
trait in her parents or other relatives. She 
recognized the abnormalities in her chil- 
dren at birth and its failure to worsen 
during growth. 

On examination, her face showed a 
shiny, wrinkle-free skin covering and 
absence of expression due to severe facial 
muscle weakness. Forced eyelid closure 
was incomplete, but Bell’s phenomenon 
was present. No keratitis, cataract, or 
retinitis was present. Extraocular move- 
ments, pupillary responses, and visual 
function were normal. Tongue, mastica- 
tory, pharyngeal, and laryngeal muscles 
showed normal strength. Mild symmetrical 
contractures of the third, fourth, and fifth 
fingers and mild hypothenar wasting was 
present. There was mild generalized obesi- 
ty and dull normal intellect. 


Cytogenetic Analysis 


Karyotypes were assembled from 
short-term cultures of peripheral 
blood leukocytes using a modification 
of the method of Moorhead et al.’ Cells 
were cultured in Eagle’s minimum 
essential medium with 10% fetal calf 
serum. Slides were heat-dried on a hot 
plate at 65 C for 90 seconds and then 
stained with Lubs*® modification for 
Giemsa banding. 

Karyotype analysis showed a uni- 
form chromosome abnormality in all 
clinically affected family members. 
The modal count was 46, with marker 
chromosomes present in both the A 
and D groups (Fig 4). Giemsa banding 
showed a reciprocal translocation be- 
tween chromosomes 1 and 13 (Fig 5). 
The translocation did not involve the 
centromeres, and it appears that no 
loss of chromosome material had 
occurred. The breaks occurred in the 
short (p) arm of chromosome one and 
in the long (q) arm of chromosome 13 
(Fig 6). Following the nomenclature 
of the Paris conference (197 1) and the 
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t(1;13)(Ipter+lp34::I3ql3+|3pter) 
t(l;13)(Iqter+ |p 34:13 ql3>|3ater) 


Fig 7.—Normal chromosome 1 and 13, 
patients, and resultant recombination. 


supplement (1975), the marker chro- 
mosomes are designated as t(1;13) (1 p 
ter>1 p 34::13q 13413 p ter) and 
t(1;13) (1 q ter—1 p 34::13q 1813 q 
ter), respectively (Fig 7). 


proposed sites of breaks (arrows) in our 





COMMENT 
The clinical syndrome displayed by 
each affected member of this pedigree 
proved remarkably consistent and 
included congenital, nonprogressive, 
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severe facial muscle weakness, finger 
flexion contractures, and mild intel- 
lectual impairment. Uniformly, the 
face lacked expression and was cov- 
ered by shiny, wrinkle-free skin, 
which together with the exaggerated 
mandibular movement during speech, 
imparted a characteristic mechanical 
facial appearance. The finger flexion 
contractures and intrinsic hand mus- 
cle wasting varied somewhat since 
they had been altered by surgery. 
Intellectual impairment was most pro- 
nounced in one of the younger 
members (patient III-1) who had a 
full-scale IQ of 65. All affected adults 
experienced difficulty in social adjust- 
ment attributed to unusual facial 
appearance. 

This clinical constellation of find- 
ings conforms most closely to Mobius 
syndrome, with severe facial involve- 
ment but sparing of ocular and other 
cranial nerve musculature. The distal 
upper extremity motor findings rep- 
resent another example of the asso- 
ciated defects commonly encountered 
in this dysplastic syndrome.*’ The 
nonprogressive course, restricted ex- 
tent of neuromuscular involvement, 
and the electromyogram (EMG) stud- 
ies exclude disorders that typically 
affect the face, such as myasthenia 
gravis or myotonic dystrophy. 

A muscle biopsy of intrinsic hand 
muscles was attempted (patient II-1), 
but the specimen showed only fibrous 
tissue. 

Our data does not resolve the 
controversy surrounding the patho- 
logical or physiological basis under- 
lying the Möbius syndrome’ and its 
variants, but it does present cytoge- 
netic evidence that may contribute to 
understanding its pathogenesis. 

Each affected member displayed 
the same cytogenetic defect, consist- 
ing of balanced translocation between 
the long arm of chromosome 18 to the 
short arm of chromosome 1. Our 
banding studies showed that the site 
of the breaks and exchanges were 
identical in each case and that no 
obvious loss of chromosome material 
resulted from this rearrangement. 
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The abnormality was demonstrated in 
two independent cytogenetic labora- 
tories in two of our patients. The only 
clinically normal family member in 
generation II showed a normal karyo- 
type, and her children were reported 
to be free of the characteristic facial 
defect. 

Inferences must be cautious regard- 
ing the relationship between the clin- 
ical syndrome and the cytogenetic 
abnormality since the pedigree size is 
small. In addition, Möbius syndrome, 
for example, is usually inherited as an 
autosomal dominant trait. However, 
the phenotypic uniformity and cyto- 
genetic concordance in seven mem- 
bers suggests a valid association and 
not mere coincidence. The clinical 
abnormalities we describe could be 
related to loss of undetectable 
amounts of chromosome material at 
breakpoints since most translocations 
are not truly reciprocal. An alterna- 
tive explanation is that of position 
effect, a phenomenon well established 
in Drosophila.” 

The lack of expression of other 
gross chromosomal imbalances such as 
abortions or malformations in our 
pedigree could be considered unusual 
since a variety of unbalanced gametes 
is possible with reciprocal transloca- 
tion.* We speculated that the absence 
of such defects is due to incomplete 
maturation of unbalanced gametes. 

Chromosome analysis in patients 
with various neuromuscular disorders 
has not been too rewarding. Minor 
abnormalities have been described in 
myotonic dystrophy, but results are 
inconsistent."® We uncovered no pre- 
vious reports of cytogenetic abnor- 
malities in Mébius syndrome, but few 
with karyotypes have been re- 
ported.'*"® Review of the clinical 
defects associated with abnormalities 
of chromosomes 1 or 13 show no 
resemblance to the cases we de- 
scribe.” '? 

We believe that our report should 
prompt cytogenetic investigation of 
more patients with Möbius syndrome 
or its variants in order to delineate 
more precisely the association with 
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the chromosome translocation we de- 
scribe. The validity of using chromo- 
some banding techniques in such 


studies has been established.” 
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Brief Communications and Clinical Notes 


Bilateral Intracranial Arterial Aneurysms 


With a Persistent Trigeminal Artery 


Edward J. Kosnik, MD; John N. Meagher, MD; Gordon Taylor, MD 


è A 62-year-old hypertensive woman 
had bilateral intracranial arterial aneu- 
rysms associated with persistent trigem- 
inal artery. The presenting symptom of 
this patient was painless ophthalmople- 
gia. We review embryologic development 
of the circle of Willis as an explanation for 
the occurrence of the trigeminal artery. 
We also discuss the high incidence of 
associated vascular malformations with 
these vessels. 

(Arch Neurol 34:443-445, 1977) 


n the course of the embryologic 
development of intracranial ves- 
sels there are three prominent vascu- 
lar channels that may persist into 
adult life. The most common of these 
is the trigeminal artery, occurring in 
about one in 300 cases.' The signifi- 
cance of these channels has been 
debated for some time. Generally 
speaking, their most important clin- 
ical feature is their association with 
other intracranial vascular anoma- 
lies. 
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Fig 1.—Lateral left carotid angiogram, demonstrating large intracavernous aneurysm of 
carotid artery associated with trigeminal artery. Trigeminal artery arises inferior to 


Cavernous carotid artery and fills basilar and posterior cerebral arteries. 
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We have recently seen a patient 
with bilateral aneurysms associated 
with a persistent trigeminal artery. 


REPORT OF A CASE 


A 62-year-old hypertensive woman was 
admitted to the Riverside Methodist Hos- 
pital for evaluation of left sixth nerve 
paralysis. She was in her usual good state 
of health until about 11 months prior to 
admission when she noted the onset of 
double vision, with blurring and the feeling 
of her eyes “drawing.” She denied any pain 
either retrobulbar, periorbital, or.in the 
trigeminal distribution. There was no 
impairment of hearing, taste, or smell and 
no difficulty with balance, coordination, 
weakness, memory, or speech. She had 
been examined by an ophthalmologist 
seven months prior to admission and was 
told she had complete sixth nerve paralysis. 
She was admitted at this time for complete 
evaluation of such. 

Findings from general physical exami- 
nation were normal. Blood pressure was 
110/76 mm Hg. There were no bruits on 
auscultation of the head, orbits, or carotids. 
Neurologic examination revealed an alert, 
cooperative, oriented woman with a normal 
mental status. Examination of the cranial 
nerves indicated a complete left sixth 
nerve paralysis; there were no other cranial 
nerve abnormalities. There was no sensori- 
motor defect. Results of cerebellar testing 
were normal. Reflexes were symmetrical; 
there were no abnormal reflexes. 

Findings from laboratory studies, in- 
cluding complete blood cell count, urinaly- 
sis, six- and 12-factor automated blood 
chemistry analysis, and serology, were all 
within normal limits. Results of a five-hour 
glucose tolerance test were normal. Roent- 
genographie studies of the skull were 
normal, aside from a mild degree of hyper- 
ostosis frontalis; EEG and brain scan were 
normal. 

Femoral angiography with selective 
bilateral carotid and left vertebral studies 
was obtained. The vertebral study demon- 
strated rapid filling of a relatively large 
vessel arising from the left side of the 
basilar artery at its midposition. This was 
believed to represent a primitive trigem- 
inal artery. This was confirmed on the left 
carotid study, which in addition showed the 
presence of a 2 X 2-cm aneurysm arising 
at the origin of the primitive trigeminal 
artery from the internal carotid artery 
with a 6- or 7-mm daughter artery arising 
anteriorly (Fig 1 and 2). The aneurysm lay 
just superior to the trigeminal artery 
within the cavernous sinus and displaced 
the intracavernous portion of the internal 
carotid artery anteriorly. The trigeminal 
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artery was widely patent, with good filling 
of the posterior circulation. A right carotid 
angiogram was done, demonstrating a l-em 
aneurysm arising from the carotid at the 
level of the posterior communicating 
artery (Fig 3). No arterial spasm was 
evident on any of the studies. 

An ophthalmologic consultant reported 
visual acuity to be 20/20-2 OD; 20/20-1 OS. 
There was no defect in the visual field. The 
patient declined treatment. 


COMMENT 


Padget? has described the develop- 
mental anatomy of the central ner- 
vous system, with particular reference 
to the circulation. At the 3- to 4-mm 
stage the carotid artery is first seen. 
It is divided into two parts: (1) an 
anterior part that gives rise to ante- 
rior and middle cerebral and anterior 
choroidal arteries and (2) a posterior 
portion that gives rise to posterior 
choroidal and posterior cerebral ar- 





angiogram, demonstrating large aneurysm as 
ly and filling basilar and posterior cerebral 


teries. Caudal extensions of the poste- 
rior cerebral arteries, reinforced by 
temporary branches of the internal 
carotid artery, form the parallel chan- 
nels that at the 5- to 8-mm stage 
consolidate to form the basilar artery. 
Further caudad, this newly formed 
basilar artery is connected by chan- 
nels to the first cervical branches of 
the dorsal aorta. These ultimately 
become the vertebral arteries. 

The temporary branches from the 
primitive carotid artery to the paired 
primitive basilar arteries generally 
parallel large cranial nerves. They are 
ordinarily lost by the 14- to 15-mm 
stage. 

Persistence of these vessels gener- 
ally is found in three forms. The most 
common is the trigeminal artery, the 
communication existing between the 
carotid artery inferior to the cavern- 
ous sinus and the basilar artery at the 
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Fig 3.—Lateral view of right carotid angiogram of same patient, demonstrating aneurysm 
arising from carotid artery in region of posterior communicating artery. 


level of the trigeminal nerve. This was 
seen in 0.6% of the cases in a large 
series of angiograms.’ The next most 
common is the hypoglossal artery 
occurring in about one of 2,000 
angiograms, the anastomosis being 
between the cervical portion of the 
carotid and the vertebral artery. 
> Rarely, a persistent otic or auditory 
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artery has been found. The connection 
is between the petrous portion of the 
carotid and basilar artery. 

Of these primitive vessels, the 
trigeminal artery is most often seen 
to be clinically significant. This lesion 
has been implicated in cases of tic 
douloureux,’ variants of cavernous 
sinus syndrome,’ and subarachnoidal 
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hemorrhage. The most common clin- 
ical problem seen with these arteries 
is the association of vascular malfor- 
mations.*7 — 

Padget? in Dandy’s monograph on 
intracranial aneurysms makes refer- 
ence to the fact that arterial aneu- 
rysms are commonly seen in the areas 
of primitive anastomotic channels. It 
was her feeling that incomplete invo- 
lution or atrophy of these lesions was 
related to the formation of aneu- 
rysms. George and associates’ in 1971 
reviewed the world’s literature and 
found 32 reports of intracranial aueu- 
rysms associated with 232 persistent 
trigeminal arteries. Our patient had 
two intracranial arterial aneurysms. 
Her presenting complaint of paralysis 
of abduction of the left eye developing 
in a painless fashion was associated 
with an intracavernous carotid aneu- 


rysm. 
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Unilateral Asterixis 


Associated With a Mesencephalic Syndrome 


Daniel Tarsy, MD; Bryan Lieberman, MD; Jeanette Chirico-Post, MD; D. Frank Benson, MD 


e Unilateral asterixis due to a focal 
brain lesion is a rare occurrence. Acute 
asterixis restricted to the left upper ex- 
tremity appeared in a patient in associa- 
tion with signs of acute midbrain dysfunc- 
tion, without changes in mental status or 
in the EEG, and in the absence of meta- 
bolic or toxic disturbance. Electromyog- 
raphy disclosed features typical of aster- 
ixis due to metabolic causes. 

(Arch Neurol 34:446-447, 1977) 


sterixis is a familiar neurolog- 
ical sign commonly associated 
with hepatic failure, uremia, pulmo- 
nary insufficiency, and other causes of 
metabolic encephalopathy.’ In these 
settings, asterixis is typically associ- 
ated with impaired level of conscious- 
ness, tremulousness, and an abnormal 
EEG.' Although the extremities are 
usually affected bilaterally, a certain 
degree of asymmetry is not uncom- 
mon. We wish to describe a case in 
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which asterixis appeared acutely to- 
gether with a mesencephalic syn- 
drome, was restricted to the left up- 
per extremity, and occurred in the 
absence of metabolic or toxic distur- 
bance. 


REPORT OF A CASE 


A 56-year-old right-handed man suf- 
fered a ruptured right anterior cerebral 
aneurysm with subarachnoid hemorrhage 
in February 1970. The aneurysm was 
clipped within one month. Nine months 
later, he was rehospitalized because of . be- 
havioral change and remained institution- 
alized until December 1975, when he was 
referred to the Neurobehavioral Unit, Bos- 
ton Veterans Administration Hospital, for 
reevaluation. There was no history of he- 
patic, renal, or pulmonary disease. Exami- 
nation disclosed an unkept appearance, eu- 
phoria, inappropriate jocularity, vulgarity, 
urinary incontinence, and marked impair- 
ment of recent memory. Other cognitive 
functions and the remainder of the neuro- 
logical examination were normal. Pneu- 
moencephalography disclosed lateral ven- 
tricular dilation, a large right frontal 
porencephalic cyst communicating with 
the right lateral ventricle, and failure of 
air to pass above the tentorial incisure. 
Isotope cystenography confirmed the 
diagnosis of a communicating, obstructive 
hydrocephalus with a right porencephalic 
cyst. A right ventriculoperitoneal shunt 
was performed on May 6, 1976. Several 


hours later, right pupillary dilation and a 
mild left hemiparesis appeared. Bilater- 
al carotid and vertebral arteriography 
showed only changes consistent with hy- 
drocephalus and the porencephalic cyst, 
without evidence of herniation or subdural 
hematoma. Subsequent examinations over 
the next several days disclosed no change 
in mental status; sluggishly reactive pu- 
pils, with no reaction to accommodation; 
bilateral lid retraction; skew deviation, 
with the left eye lower than the right; com- 
plete paralysis of upward gaze, with ab- 
sent Bell’s phenomenon; limitation of 
downward gaze to 20° in both eyes; and 
full horizontal gaze, without nystagmus. 
Attempted convergence produced horizon- 
tal and slightly oblique nystagmus of the 
left eye medially, without response in the 
right eye. There was no retractory nys- 
tagmus. 

A slight left hemiparesis affected the 
arm and leg equally but spared the face. 
Resistance to passive motion was slightly 
increased in the left arm with reinforce- 
ment. There was a low-amplitude intention 
tremor, dysmetria, and loss of checking in 
the left arm and leg. With arms out- 
stretched, prominent asterixis character- 
ized by lapses in posture, with restorative 
jerks of irregular frequency and relatively 
large amplitude, was restricted to the left 
upper extremity. The flap was most promi- 
nent in the wrist and digits, was evident 
with the wrist in a neutral position, in- 
creased with wrist extension, and per- 
sisted with the hand held in supination. 
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There was no rest or postural tremor or 
myoclonus. Tendon reflexes were brisk bi- 
laterally, left more than right, with no Ba- 
binski sign. Sensation was normal except 
for minimal reduction in two-point dis- 
crimination in the left index finger. 
Surface and needle electromyography in 
both upper extremities, with accelerometer 
monitoring of finger movements, disclosed 
no spontaneous activity with the arms at 
rest. With arms outstretched, there were 
frequent irregular periods of electrical si- 
lence occurring simultaneously in the flex- 
ors and extensors of the left forearm, last- 
ing 75 to 100 msec, most of which were im- 
mediately followed by postural lapses and 
restorative jerks of the left hand. Similar 
activity was absent in the right hand. Elec- 
troencephalography showed no paroxysmal 
activity and was unchanged from a preop- 
erative record disclosing 7- to 8-Hz activ- 
ity, more regular on the left side, and con- 
tinuous, high amplitude 1- to 3-Hz activity 
in the right anterior quadrant. All meta- 
bolic values were normal, and he was re- 
ceiving no drugs. There was only transient 
postoperative improvement in behavior, 
without change in memory. Asterixis per- 
sisted for two months despite. clearing 
of the hemiparesis and cerebellar signs 
within several weeks. The oculomotor signs 
were mildly improved at the time of dis- 
charge four months later. Computerized 
tomography of the brain in September 
1976 showed ventricular dilation, bifrontal 
atrophy, and the right porencephalic cyst. 


COMMENT 


Paralysis of vertical gaze, lid retrac- 
tion, abnormal pupillary responses, 
and convergence nystagmus are all 
attributable to a lesion involving 
pretectal and periaqueductal regions 
of the midbrain.” The accompanying 
homolateral cerebellar and pyramidal 
signs suggest right midbrain tegmen- 
tal and basal involvement as well. A 
variety of involuntary movements, 
including intention tremor, choreoath- 
etosis, and hemiballismus, are asso- 
ciated with lesions ventral and rostral 
to the midbrain pretectum that are 
regarded as disorders of phasic move- 
ments. Asterixis, by contrast, is 
believed to be a disturbance of tonie 
muscle activity possibly concerning 
posture more than movement.’ Al- 
though the origin of this event and the 
possible role of the preceding neuro- 
surgical procedure are uncertain, the 
acute onset and localized deficits 
suggest an ischemic event. There were 
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no identifiable metabolic disturbances 
and the patient was receiving no 
medications, including phenytoin. 
The clinical and electromyographic 
features of asterixis associated with 
metabolic encephalopathy have been 
described in detail.” Clinically, brief, 
irregular abrupt lapses in posture of 
an extremity appear during tonic 
muscle contraction and often occur on 
a background of continuous, irregular 
tremor. Electromyographic features’ 
consist of cessations of electrical 
activity of 35 to 200 msec in multiple 
muscles during which posture may be 
overcome by gravity or tendonous 
elastic forces followed by equally 
abrupt reactivation of motor units and 
a restorative jerk of the affected body 
part. Electromyography in our patient 
conformed with this pattern although, 
by contrast with many cases of meta- 
bolic asterixis, tremor was not evident 
clinically or electromyographically. 
Bilateral asterixis predominating 
on one side is not unusual in metabolic 
encephalopathy. Bilateral asterixis 
predominantly involving the left arm 
and leg has been reported in one 
patient with right subdural empyema 
and no evidence of metabolic distur- 
bance.‘ Allusions to unilateral aster- 
ixis strictly on the basis of focal brain 
lesions are uncommon, however, and 


often implicate contributory pharma- 


ecologic or metabolic factors.’ Leavitt 
and Tyler’® state that unilateral 
asterixis may appear in some patients 
with parietal or thalamic lesions, 
speculating that disturbances in pro- 
prioceptive input may play a role in 
asterixis.' Our patient displayed no 
significant sensory deficits and is un- 
likely to have had flap on this basis. 
Shahani and Young,’ not having 
observed this association, do note, 
however, that asterixis may appear 
during recovery from a hemiparesis. 
Although our patient did have mild 
hemiparesis, asterixis persisted after 
resolution of weakness and is unlikely 
to directly account for the prominent 
flap observed. Conn’ briefly described 
one patient with asterixis limited to 
the right wrist that disappeared after 
a subsequent right hemiplegia. He 
speculates that, analogous to the 
appearance of asterixis in generalized 
cerebral hypoxia, localized asterixis 


may have resulted from localized cere- 
bral hypoxia preceding the infarc- 
tion.’ Shahani and Young’? have also 
observed a series of patients with 
focal brain lesions without consistent 
localization who demonstrated contra- 
lateral asterixis only while receiving 
phenytoin, which did not readily 
correlate with weakness. 

Contralateral asterixis reportedly 
occurs during unilateral stereotactic 
thalamotomy as the lesion is gradually 
enlarged and has been attributed to 
mild damage of the internal capsule 
with consequent slight weakness. Dis- 
turbances of vertical gaze due to 
thalamomesencephalic lesions are also 
reported after ventrolateral thalamot- 
omy.’ Since similar oculomotor defi- 
cits were prominent in our patient, we 
are tempted to suggest that in this 
case, asterixis and oculomotor signs 
may both have arisen from distur- 
bance in and around midbrain peri- 
aqueductal and pretectal regions. In 
the absence of neuropathologic data 
and the coexistence of a right frontal 
porencephalic cyst, clinicopathological 
correlation in this case is obviously 
speculative. Nonetheless, our case 
appears to be unique in that unilateral 
asterixis appeared acutely in associa- 
tion with a well-recognized neuroana- 
tomical syndrome and in the absence 
of an identifiable metabolic cause. 


This investigation was supported by Veterans 
Administration research funds. 
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News 


Southern EEG Society Annual Meet- 
ing.—The Southern EEG Society’s An- 
nual Meeting will be held in Chatta- 
nooga, Tenn, Oct 27 through 29, 1977. 
For further information write Mary 
Andriola, MD, Secretary-Treasurer, 
1011 Jeffords St, Clearwater, FL 
33516. 

Abstracts of papers should conform 
to the rules for publication of the 
Society proceedings in the EEG Jour- 
nal. Mail to Neil Brown, MD, Program 
Chairman, 1010 E Third St, Chatta- 
nooga, TN 37403. 

The Society will offer the Caton 
Award for meritorious manuscripts. 
The award includes transportation, 
per diem, and a plaque. The deadline 
for submission of papers for this 
award is Sept 1, 1977. For details write 
Herman Flanigin, MD, Chairman Ca- 
ton Award, 6707 Pleasant Pl, Little 
Rock, AR 72205. 


Acute Problems in Neurology.—A 
postgraduate course on acute prob- 
lems in neurology will be held on Sept 
22 through 25, 1977, at the Tides Inn, 
Irvington, Va. It is sponsored by the 
Departments of Neurology and Con- 
tinuing Education of the School of 
Medicine of the Medical College of 
Virginia. For further information 
contact Department of Continuing 
Medical Education, School of Medi- 
cine, Medical College of Virginia, Box 
91, Richmond, VA 23298. 


Postgraduate Course in Neurological 
Surgery.—The Fourth Postgraduate 
Course in Neurological Surgery will be 
held Oct 3 through 7, 1977, at North- 
western University Medical School, 
Chicago. For information write Ivan 
Ciric, MD, Secretary, Division of 
Neurological Surgery, Northwestern 
University Medical School, 303 E 
Chicago Ave, Chicago, IL 60611. 


Ralph I. Straus Award.—The Ralph I. 
Straus Award, in the amount of no 
less than $100,000, will be given to 
that scientist or those scientists of any 
nationality whatsoever whose pub- 
lished research shall be judged to have 
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resulted in the development of effec- 
tive and specific methods for prevent- 
ing or arresting multiple sclerosis. 

The funds of the award will be 
managed by the National Multiple 
Sclerosis Society of the United States. 
The recipient(s) of this award will be 
determined by an independent Ralph 
I. Straus Award Committee to be 
appointed by the Society. “The intent 
of this award is to speed the conquest 
of Multiple Sclerosis through the 
enhancement, in a realistic manner, of 
the needed awareness of the vast 
social values inherent in the conduct 
of research in the biomedical sciences” 
(Ralph I. Straus). 


Central Association of EEG Elects 
Officers.—The following officers were 
elected at the annual meeting in 
March in St Louis: President, Dr 
Keith C. Bogart; President-Elect, Dr 
Frank W. Sharbrough; Secretary- 
Treasurer, Dr Barbara F. Westmore- 
land. The next annual meeting will be 
in May 1978 in Omaha. 


Course on the Child With Multiple 
Handicaps.—The Office of Continuing 
Education, Tufts University School of 
Medicine, Medford, Mass, announces a 
course in evaluation and treatment of 
the child with multiple handicaps to be 
held Sept 26 and 27, 1977, at the 
Marriott Motor Hotel, Newton, Mass. 
Further information can be obtained 
from Mrs Emelie S. Born, Box 72, 136 
Harrison Ave, Boston, MA 02111; tele- 
phone (617) 956-6579. 


American Board of Psychiatry and 
Neurology, Inc.—The deadline for ap- 
plications for the American Board of 
Psychiatry and Neurology’s 1978 Part 
I (written) examination is Sept 30, 
1977. Applications postmarked later 
than Sept 30, 1977, will be held for the 
1979 examination. Application forms 
for the 1977 Part I will not be mailed 
out from the executive office after 
Sept 26, 1977. Please address all 
communications to Lester H. Rudy, 
MD, Executive Director, 1603 Orring- 
ton Ave, Suite 1320, Evanston, IL 
60201. 


Head Injuries Symposium.—An Inter- 
national Symposium on management 
of mild and severe head injuries, on 
assessment of coma, severity of injury 
and of disability, and on problems of 
rehabilitation and prognosis will be 
held in Glasgow, Scotland, on Oct 20 
and 21, 1977. For details write Honor- 
ary Secretary, Royal College of Physi- 
cians and Surgeons, 242 St Vincent St, 
Glasgow, G2 5RJ, Scotland, or Prof 
Bryan Jennett, Institute of Neurolog- 
ical Sciences, Southern General Hospi- 
tal, Glasgow, G51 4TF, Scotland. 


Symposium on Neural Trauma.—The 
Third Chicago Symposium on Neural 
Trauma will be held at the Hyatt 
Regency O’Hare Hotel in Chicago on 
Sept 23 through 25, 1977. For further 
information contact Eugene S. 
Flamm, MD, Department of Neuro- 
surgery, New York University Medi- 
eal Center, School of Medicine, 550 
First Ave, New York, NY 10016. 


International Glossary of Anticonvul- 
sant and Antiepileptic Drugs.—The third 
edition of the International Glossary 
of Anticonvulsant and Antiepileptic 
Drugs is ready for distribution. It has 
been prepared under the auspices of 
Epilepsy International as one of the 
joint activities of the International 
League Against Epilepsy and the 
International Bureau for Epilepsy. 
The third edition follows the format 
of previous editions and gives the 
names and proprietary preparations 
of each manufacturer of drugs com- 
monly used for epilepsy in major 
nations of the world. Each drug is 
cross-referenced to the index of man- 
ufacturers and distributors where 222 
names and addresses are listed alpha- 
betically. The ‘listing has so enlarged 
that a loose-leaf system is no longer 
practical and the volume is spiral 
bound. 

Copies may be obtained by writing 
to the Epilepsy Foundation of Amer- 
ica, c/o Dr J. Rivera, Suite 406, 1828 L 
St NW, Washington, DC 20036. 
Through the kindness of a number of 
contributors this glossary is available 
at no charge. 


News 





New Diplomates of the American 
Board of Psychiatry and Neurology.— 
The following were certified by the 
Board after its examinations in Seat- 
tle on Feb 7 and 8, 1977: : 


Neurology 


Al-Wardi, Dhia A., MD 
Pasadena, Calif 

Baraff, Robert, MD 
Riverside, Calif 

Beckley, Dennis J., MD 
Benicia, Calif 

Bergman, Sander E., MD 
Wala Wala, Wash 

Bissell, John A., MD 
Sacramento, Calif 

Burcar, Patricia J., MD 
White Ridge, Colo 

Davison, William C., MD 
APO Seattle 

Diamond, Ivan, MD 
San Francisco 

Florin, Jack H., MD 
Fullerton, Calif 

Ginsberg, Arthur H., MD 
Seattle 

Gollub, Marshall, MD 
Sacramento, Calif 

Gorbunoff, William, MD 
Rancho Palos Verde, Calif 

Hasan, Malik M., MD 
Pueblo, Colo 

Hinrichs, William A., MD 
Encinitas, Calif 

Huddlestone, John R., MD 
Del Mar, Calif 

Kastella, Janice M., MD 
Anchorage, Alaska 

Levy, Stephen C., MD 
Los Angeles 

Lowenthal, Richard M., MD 
Santa Barbara, Calif 

Mallison, Robert A., MD 
San Jose, Calif 

Mladinich, E. Kenneth, MD 
Albuquerque, NM 

Newton, Fredric H., MD 
San Francisco 

Nichols, Buddy R., MD 
Presidio of San Francisco, Calif 

Paramesh, Kannen, MD 
Woodland Hills, Calif 

Paruchabutr, Ronakorn, MD 
New York 

Robinson, Lewis, MD 
Billings, Mont 

Ruffman, Joel D., MD 
Los Angeles 

Sax, Richard M., MD 
Huntington Beach, Calif 

Schostal, Clifford J., MD 
North Bend, Ore 

Soule, Thomas I., MD 
APO San Francisco 
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Spire, Jean-Paul C., MD 
Chicago 

Starreveld, Elout, MD 
Edmonton, Canada 

Stent, Raymond M., MD 
Torrance, Calif 

Stevens, E. T., MD 
Chicago 

Thompson, David A., MD 
Los Angeles 

Tosches, William A. MD 
Colorado Springs, Colo 

Traviesa, Daniel C., MD 
San Francisco 

Wasterlain, Claude G., MD 
Granada Hills, Calif 

Wilson, Malcolm E., MD 
Concord, Calif 

Woods, Roger K., MD 
Santa Monica, Calif 


Child Neurology 


Carnay, Laurence D., MD 
Paramount, Calif 
Clay, Susan A., MD 
Glendale, Calif 
Goldstein, Michael L., MD 
Salt Lake City 
Halverson, Dea, MD 
San Jose, Calif 
Holtzman, S. David, MD 
Stanford, Calif 
Skoglund, R. R., MD 
San Diego 


SPECIAL ANNOUNCEMENT 


Guidelines for Stroke Care.—The 
handbook entitled Guidelines for 
Stroke Care is scheduled for publica- 
tion by the US Government Printing 
Office on April 15, 1977. The many 
and varied aspects of stroke manage- 
ment covered in this manual include 
etiology and functional classifications 
of the disease; epidemiology for stroke 
care planning; prevention, diagnosis, 
and the special equipment and labora- 
tory procedures used in diagnostic 
evaluation; medical and surgical treat- 
ment; nursing care; rehabilitation; 
strokes in children; community health 
services; and professional staff re- 
quirements. The principles offered 
represent the concerted efforts of 
several hundred consultants, each one 
expert in a professional area, and 
convey their considered collective 
judgment as to the best methods 
currently available for the care of the 
stroke patient and for dealing with 
medical, educational, social, and com- 
munity problems pertaining to 
stroke. 


~ 


This publication summarizes and 
brings up to date the information 
contained in the first 14 sections of 
the Report of the Joint Committee for 
Stroke Facilities (now renamed Joint 
Committee for Stroke Resources). 
This material appeared serially in 
Stroke: A Journal of Cerebral Circula- 
tion, beginning in the May-June 1972 
issue with “Epidemiology for Stroke 
Facilities Planning” and continuing 
through the January-February 1977 
issue. 

The American Neurological Asso- 
ciation is the sponsor of the Joint 
Committee for Stroke Facilities (Re- 
sources). Financial support is provided 
by the US Department of Health, 
Education and Welfare—in the begin- 
ning by the Regional Medical Pro- 
grams Service (now Health Resources 
Administration) and presently by the 
National Institute of Neurological and 
Communicative Disorders and 
Stroke. 

From the early planning stage and 
continuing throughout its activities, 
leadership and expert guidance have 
been provided by the Executive Com- 
mittee consisting of Drs A. L. Sahs, 
chairman, Stanley M. Aronson, A. B. 
Baker, Jesse B. Barber, Jr, Stanley A. 
Boyd, William S. Fields, Glenn Gul- 
lickson, Jr, Ms Martha Haber, Drs 
Calvin F. Kay, Louis E. Rentz, 
Edward C. Rosenow, Jr, A. Earl 
Walker, Edwin J. Wylie, and consul- 
tants to the Committee, Drs Murray 
Goldstein, Oscar M. Reinmuth, Mr 
Jerome R. Sapolsky, and Dr Samuel A. 
Trufant. 

The substantive contents of each 
section of the Report were developed 
by a study group under a chairman 
with knowledge and expertise in the 
appropriate special field, and at suita- 
ble intervals the material was criti- 
cally discussed with the chairmen by 
an advisory committee, composed of 
64 representatives appointed by 30 
participating organizations, and 12 
consultants from seven federal advis- 
ory organizations. 

A final consensus was accomplished 
by presenting the resulting manu- 
scripts for review to the following 
participating and advisory organiza- 
tions. 


Participating Organizations 


American Academy of Family Physi- 
cians 

American Academy of Neurology 

American Academy of Ophthalmology 
and Otolaryngology 
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American Academy of Physical Medi- 
cine and Rehabilitation 

American Association of Neurological 
Surgeons 

American Association of Neuropathol- 
ogists 

American College of Physicians 

American College of Radiology 

American College of Surgeons 

American Congress of Rehabilitation 
Medicine 

American Dietetic Association 

American Heart Association 

American Hospital Association 

American Medical Association 

American Neurological Association 

American Nurses Association 

American Occupational Therapy As- 
sociation 

American Osteopathic Association 

American Psychiatric Association 

American Public Health Association 

American Rehabilitation Foundation 

American Society of Neuroradiology 

Joint Commission on Accreditation of 
Hospitals 

National Association of Social Work- 
ers 

National Easter Seal Society for Crip- 
pled Children and Adults 


Letters to the Editor 


Intracerebral Hematoma and 
Computerized Tomography 


To the Editor.—It is suggested by 
Butzer and co-workers (Arch Neurol 
33:206, 1976) that cranial computer- 
ized tomography (CT) is useful in 
following the resolution of intracere- 
bral hematomas. They illustrate this 
with their case 9, which they state 
shows a reduction of the hematoma at 
one month and resolution of the hema- 
toma with an area of decreased 
density consistent with cavity forma- 
tion at six months. 

Messina and Chernik’ reported two 
cases of intracerebral hemorrhage 
that underwent a change in composi- 
tion, which on cranial CT scan 
appeared as resolution or indeed 
disappearance of the hematomas. 
However, postmortem examination 
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National League for Nursing 
National Medical Association 
National Rehabilitation Association 
Society of Neurological Surgeons 
Society for Vascular Surgery 


Advisory Organizations 


Center for Disease Control 

Joint Council Subcommittee on Cere- 
brovascular Disease, NHLBI- 
NINCDS 

National Heart, Lung and Blood Insti- 
tute 

National Institute of Neurological and 
Communicative Disorders and 
Stroke 

Regional Medical Programs Service 

Social and Rehabilitation Service, De- 
partment of Health, Education and 
Welfare 

Veterans Administration 


The occasional differences of opin- 
ion arising among the consultants 
that could not be reconciled are 
pointed out and the evidence for each 
point of view presented. Many other 
workers in the field of stroke have 
contributed also by responding to the 


5% and six months after the hemor- 
rhages revealed residual hematomas 
without evidence of recent bleeding 
that corresponded to the hemorrhages 
seen on the initial cranial CT stud- 
ies. 

Thus, it is suggested that before an 
intracerebral hematoma can be ac- 
curately described as disappearing or 
resolving on cranial CT there should 
not only be a change in composition of 
the hematoma but also a reduction of 
its mass effects as evidenced by 
decreased edema and shift of ana- 
tomic structures, in addition to the 
development of hydrocephalus ex 
vacuo. 


J. F. Aira, MD 
Midwest Clinic 
105 S 49th St 
Omaha, NE 68132 


invitation extended to readers for 
comments on the serial publications. 

An undertaking of this magnitude 
could not have succeeded without the 
thought, energy, and time given gener- 
ously and in unstinted measure by 
the several hundred scientists of 
diverse backgrounds who served as 
chairmen and members of study 
groups and committees. 

The Central Office staff has been 
responsible for coordinating commit- 
tee and study group activities, for 
final editing, for the distribution of 
reprints, and for the ultimate prepa- 
ration and publication of two books— 
Guidelines for Stroke Care, the hand- 
book currently available, and a com- 
plete, unabridged version, Funda- 
mentals of Stroke Care, to be pub- 
lished later during 1977. 

The handbook, Guidelines for 
Stroke Care (stock No. 017-022-00-469- 
1), will be available by April 15, 1977, 
at the modest charge of $1.70. All 
orders and inquiries about purchase 
should be addressed to the Superin- 
tendent of Documents, US Govern- 
ment Printing Office, Washington, 
DC 20402. 


1. Messina AV, Chernik NL: Computed tomog- 
raphy: The “resolving intracerebral hemor- 
rhage.” Radiology 118:609-613, 1975. 


In Reply.—Dr Aita correctly points out 
that the typical high density asso- 
ciated with hematoma on computer- 
ized tomographic (CT) scanning can 
diminish without complete resolution 
of the hematoma pathologically. In 
the cases reported by Messina and 
Chernick changes of “liquification and 
clot resorption” in case 1 and “glial 
reaction and resorptive changes” in 
case 2 suggest, indeed, that the dimin- 
ishing density is associated with the 
process of resolution of the hematoma. 
Furthermore, to say as Dr Aita 
suggests that “before an intracerebral 
hematoma can be accurately described 
as disappearing or resolving on crani- 
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al CT there should not only be a 
change in composition of the hema- 
toma but also a reduction of its mass 
effects as evidenced by decreased 
edema and shift of anatomic struc- 
tures, in addition to the development 
of hydrocephalus ex vacuo” is to 
ignore the small or peripheral hema- 
toma that may not produce a signifi- 
cant mass effect or clearly identifi- 
able edema on CT scans. Computer- 
ized tomographic scans are invaluable 
in identifying intracerebral hemato- 
mas, following their early resolution, 
and identifying rebleeding. Clearly, 
however, as suggested by Messina and 
Chernick, precise correlation of CT 
scans and the various stages of patho- 
logic resolution requires further in- 
vestigation. 

J. F. Butzer, MD 

Blodgett Med Bldg 

1900 Wealthy St SE 

Grand Rapids, MI 49506 


Intraocular and Intraventricular 
Pressures After Glycerol Ingestion 


To the Editor.—A noninvasive indi- 
cator of intracranial pressure would 
be especially useful to determine 
when an administered hyperosmotic 
diuretic is no longer effective. Leh- 
man et al' reported a correlation 
between increased intracranial pres- 
sure and intraocular pressure in mon- 
keys. We made a series of intraven- 
tricular and intraocular pressure mea- 
surements three times in two patients 
with aqueductal obstruction treated 
with glycerol. One series of measure- 
ments from a patient with a metas- 
tatic cerebellar tumor is given in the 
Figure. 

Intraocular pressure decreased 15 
minutes after glycerol ingestion; in- 
traventricular pressure decreased 30 
minutes after ingestion. Both pres- 
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Intraventricular and intraocular pressures were taken postoperatively. At “0” time, the 
patient received glycerol orally. Each intraocular pressure value is mean of two 


measurements taken with Schidtz tonometer. 


sures remained low for about 90 
minutes, then the intraocular pressure 
increased and plateaued while the 
intraventricular pressure was still 
increasing. 

The correlation between changing 
intraventricular and intraocular pres- 
sures recorded here and observed in 
two additional series of measure- 
ments suggests that ocular tonometry 
may be useful as a monitor of change 
in intracranial pressure. Due to the 
variability of intraocular pressure val- 
ues among control patients, the deter- 
mination of a change in a patient’s 
intraocular pressure must be made 
relative to that patient’s baseline 
values. 


This investigation was supported by National 
Institutes of Health grants NS 09514 and NS 
11358. 


K. K. KUGLER, MD 

1705 E 19th St 

Suite 210 

Tulsa, OK 74104 

A. R. Dick, MD 

Section of Neurosurgery 
Dept of Neurology 

S. R. NELsoN, MD 

Dept of Pharmacology 
Univ of Kansas Med Center 
Kansas City, KS 66103 


1. Lehman RAW, Krupin T, Podos SM: Experi- 
mental effect of intracranial hypertension upon 
intraocular pressure. J Neurosurg 36:60-66, 
1972. 
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Book Reviews 


Computed Brain and Orbital Tomography: Tech- 
nique and Interpretation, by Carlos F. Gonzalez, 
Charles B. Grossman, and Enrique Palacios, 
276 pp, $29, John Wiley & Sons Inc, 1976. 

This book is an atlas on computer- 
ized tomography (CT). The early chap- 
ters on physics, artifacts, and ana- 
tomic correlation are quite clearly 
written and the explanations are very 
simple and easy to understand. Under 
the title “Diagnostic Approach,” the 
chapter is mainly composed of exam- 
ples of arteriograms and pneumoen- 
cephalograms, indicating that they 
would be the superior study. In each 
case, the CT scan would actually be a 
very good step, but these are not 
presented. This means that these very 
nice technical studies do not add much 
value to the book. They could have 
been used to show the complemental 
studies after showing the CT scans. 

The main sections of the book 
concern pathological conditions. The 
presentation is clear, distinct, and 
accurate. This reviewer could take 
issue with several statements such as 
“transtentorial and tonsillar hernia- 
tion is best demonstrated arterio- 
graphically” when actually CT with 
high volume opacification can show 
transtentorial herniation beautifully, 
and this diagnosis does not require an 
arteriogram. The individual patholog- 
ical cases are shown with a brief clin- 
ical abstract and often have back-up 
arteriographic or pneumoencephalo- 
graphic correlation. The technical 
quality of the studies throughout is 
quite good. A minor point is that the 
authors do not always indicate on the 
scan when enhancement is being used 
(for example, Fig 5-123). 

Under the chapter ‘Abnormalities 
of the CSF Compartment,” the au- 
thors have a short but excellent collec- 
tion of developmental anomalies rang- 
ing from aqueductal stenosis to the 
various posterior fossa cysts. The 
same can be said about the collection 
of patients under ‘Neurocutaneous 
Disorders.” 

The short sections on orbital anato- 
my are not up to the level of the 
remainder of the book. The last 
chapter is entitled “Recent Devel- 
opments” and includes the coronal 
sections on CT from Dr Michael D. F. 
Deck of New York and Dr Joseph 
Sackett of Madison, Wis. The metri- 
zamide-enhanced cisternograms done 
by CT are slightly less sharp than 
desired. 
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The bibliography is somewhat 
limited. The index, while not neces- 
sarily large in such an atlas, is also 
limited. 

In summary, this is a simple but 
very well-organized “atlas” with just 
enough clinical, pathological, and com- 
plemental neuroradiological studies to 
support the CT findings. It has one 
distinct advantage over its predeces- 
sors in that it is entirely of the 
160 x 160 matrix. It would be useful 
for general physicians, trainees in 
pathology, radiology, and neurosur- 
gery as well as neurology. It would not 
be sufficiently detailed for experi- 
enced neurological or neurosurgical 
clinicians or persons involved in neu- 
roradiology full time. However, its 
relatively polished layout, succint 
character, and attractive format, 
along with a reasonable price, make it 
a desirable general reference. 

E. RALPH HEINZ, MD 
Pittsburgh 


Spinal Angiomas, by M. J. Aminoff, 179 pp, 83 
illus, $23, JB Lippincott Co, 1976. 

Spinal angiomas are recognized 
infrequently in neurological practice 
even when the latter is heavily 
oriented toward the care of persons 
suffering disorders of the spinal cord. 
Aminoff maintains that such vascular 
malformations are far more frequent 
than might be supposed and has 
designed this book to enhance the 
consciousness of spinal angiomas 
among neurologists and impress on 
them the possibility of relief through 
surgical treatment, which at worst 
arrests the progress of the disorder 
and at best results in marked im- 
provement. In this he has succeeded 
despite some flaws. 

The clinical aspects of this attrac- 
tively produced volume are embel- 
lished by a rather long prefatory 
section that discourses on the nature 
and origin of spinal vascular malfor- 
mation, often disposing cursorily of 
difficult concepts. Thus, subacute ne- 
crotic myelitis is said to be an 
angioma, without reference to the 
work of Moersch and Kernohan. This 
is a rather glib simplification of the 
embryology of spinal vessels that 
leaves unanswered questions con- 
cerning the vitelline vessels and 
condescending judgements on his col- 
league’s knowledge—two serious dis- 
tractions. Detailed chapters devoted 
to the epidemiology, site, sex and age 
distribution, shunt volume, and many 
rather trivial aspects of the pathology 


and natural history follow. The mate- 
rial on shunt volume is impressionis- 
tic, as perhaps it must be, in contrast 
to that discussing spinal subarachnoid 
hemorrhage, which is most informa- 
tive and accompanied by an extensive 
and pertinent bibliography. 

On certain points, it is difficult to 
discern exactly what the author 
believes. Thus, trauma on one page is 
said to be capable of inducing “throm- 
bosis, hemorrhage, or alteration of 
regional blood flow, and any one of 
these factors may underlie the tempo- 
ral relationship that symptoms some- 
times have to injury,” while less defi- 
nite views are presented in two other 
parts of the book. It is, however, the 
author’s contention that, since angio- 
mas cause progressive disability, they 
require extirpation. He marshals clin- 
ical data supporting the view that 
young and female patients with cervi- 
cal lesions and others in whom angiog- 
raphy demonstrates a large shunt 
volume do badly and should be 
afforded early vigorous treatment. 

Chapters on pathology, radiological 
diagnosis, and surgical treatment (the 
latter two by B. E. Kendall and V. 
Logue, respectively) conclude the 
book. Kendall’s well-illustrated radio- 
logical discussion should be of consid- 
erable practical use to those attempt- 
ing to confirm the diagnosis. He 
relates the findings obtained by 
myelography to those described on 
angiography and shows how myelog- 
raphy may be used more effectively 
by increasing the volume of contrast 
material and including decubital and 
supine views of the subarachnoid 
space. The latter is important, as the 
majority of angiomas present on the 
dorsal surface of the spinal cord. 

The indications for surgical treat- 
ment are taken to be functional inca- 
pacity, rapidly advancing symptoms, 
or a history of subarachnoid hemor- 
rhage. As most angiomas are poste- 
rior and extramedullary, their treat- 
ment is said to be relatively easy. The 
matter, however, is quite different 
with ventrally located lesions. A 
detailed account of surgical technique 
by V. Logue and lucid summaries of 
the author’s cases complete the book. 

Thus, this expansion of several 
recent papers by Aminoff and asso- 
ciates provides a useful and interest- 
ing guide to the diagnosis and possible 
treatment of a relatively uncommon 
cause of progressive spinal paralysis. 

SIMON HORENSTEIN, MD 
St Louis 


Book Reviews 


You wont want 


to put this bookon 


your shelf... 


(You'll be 


too busy 


referrin 
to i) 


Principles of Neurology 


Raymond D. Adams, M.D., Harvard Medical 
School and Massachusetts General Hospital; 
and Maurice Victor, M.D., Case-Western 
Reserve University School of Medicine and 
Cleveland Metropolitan General Hospital. 


Here’s a professional resource so valuable 
that yov’ll be tempted to carry it around 
with you. Written by the authors of the 
neurology sections of Harrison’s Principles 

of Internal Medicine, PRINCIPLES OF 

NEUROLOGY combines unique new features 

with the symptom-syndrome-disease ap- 

proach used so successfully in the classic 

Harrison text. 

You'll find these important features in 

PRINCIPLES OF NEUROLOGY: 

1. The section on cardinal manifestations of 
nervous diseases includes chapters on las- 
situde and fatigue; nervousness, anxiety, 
and depression; weakness and syncope; 
and sleep. 

2. Coverage includes disseases of the muscu- 
lature as well as those of the central and 
peripheral nervous system. 

3. Psychiatric disease is also discussed, but 
always from a medical rather than a 
psychological standpoint. 





vil 





4. The human nervous system is presented 
in the context of development, matura- 
tion, and aging, enabling the physician 
to contrast normal and abnormal condi- 
tions at various stages of development. 


5. The book presents all major diseases of 
the nervous system in relation to the car- 
dinal syndromes by which they manifest 
themselves. 


The first 25 chapters (Part 1) of PRINCIPLES 
OF NEUROLOGY discuss manifestations of 
disordered motility, sensation, vision, hear- 
ing, consciousness, speech, intellect, emo- 
tion, energy, and activity. Emphasis 

is on relevant anatomic and physiologic 
aspects of these manifestations, and on 
their clinical applications. Parts 2 through 
4 of the book discuss the major categories 
of diseases of the nervous system, includ- 
ing psychiatric and muscular diseases. 
Diagnosis and treatment are emphasized 

in these sections. 

If you'd like to examine this outstanding 
book, just send in the coupon below. We 
think that once you’ve seen it, you’ll want 
to add PRINCIPLES OF NEUROLOGY to your 
professional library. 

April, 1977, 1,041 pages, $26.00 


Peter R. Karsten, Dept. ACN-1, College Division, 27 

McGraw-Hill Book Co., 1221 Avenue of the Americas, New York, N.Y. 10020 
Please send me the book(s) checked for examination. Within 10 days, | will remit 
payment for the cost of the book(s), plus postage, handling, and local tax for 
any book(s) | have decided to keep, or | will return book(s) postpaid. 


Please check one: 
O Payment enclosed (including local tax): Publisher pays postage and handling. 
O Bill me. 
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Specific vascular changes are 
revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates 
the unilateral surface temperature changes reflective 
of the dilation of deep cerebral arteries during a 
migraine attack. Liquid crystals allow differences 

in skin temperature to be “mapped” directly on the 
subject. Variations in skin heat loss are registered 
immediately, enabling rapid temperature changes to 
be followed easily. (Red reflects the coolest temperature, 
then green, blue, and violet.) 

This picture was taken of a migraine sufferer during an 
attack. The colors over the left eye reflect the cooler 
skin temperature due to the unilateral decreased 

blood flow to the forehead skin vessels that resu ts 
from dilation of cerebral vessels on the affected side. 
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peci IC erapy hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
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for migraine Precautions: Although signs and symptoms of ergotism rarely develop 


even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 


complicated by recommended dosage. 


æ Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
tension and G I upset pains in the extremities, weakness in the legs, precordial distress 

aiai and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 
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recommended daily adult dose over a period of 14 days. Treatment 
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of adequate pulmonary ventilation; correction of hypotension; and 
control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
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The company who brought you 
the first solid-state EEG now offers 
these other firsts in The M ark iH. 


è Servo-Pen — with the most accurate signal re- 
production available today. 

e Touch and go mobility — the lightest weight 
EEG system. 

e Balance Run — automatically checks all chan- 
nels through built-in test wave. 

e Easy-Dial operation. So easy, you have vo try it 
to believe it. 


è Built-in Impedance Meter — permits impedance 
check at control panel, without moving to patient. 


When we designed the Mark III we weren't trying to 
be first in anything. It just worked out that way 
when we built into it all those things we knew you 
wanted. 

That's why our Servo-Pen System sets a new high 
in fidelity of recording. Its the only pen that can 
sweep over 40mm without distortion. 

The ease of operation shows up in features such as 
Preselector Override. This lets you override the 
preselected program on any channel, with the 
mere flip of a switch. Then there's Balance Run. At 
the push of a button it simulates a brain-wave 
signal that lets you check on the 
recording accuracy of all channels. 









Other important features include super-sensitivity; 
low noise; modular construction — for minimum 
downtime; diminutive size and lightness in weight 
— the complete system weighs only 65 Ibs! 
These are but a few of the many reasons why we 
believe you'll find the Mark III the most reliable and 
satisfying EEG system. For all the facts, phone or 
write Hittman Medcraft. 


Box 542, Skippack, PA 19474 e Phone 800-523-1946 
In Pennsylvania phone (215) 584-6825 
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The illusion of weakness 


Learning to live with normal rules 


Early in a course of DANTRIUM therapy, 
patients will often experience subjective 
sensations of weakness. 

There is generally no objective sign of 
this weakness in muscle-strength evalua- 
tions. The feeling is the patient’s transient 
reaction to absence of the spasticity he has 
become accustomed to. 

In essence, the relaxed spindles are no 
longer providing a constant input of excess 
muscle tonus to the brain. Deprived of this 
spastic “background noise;’ the brain mis- 
interprets the relative silence as weakness. 
The brain is working by the same old rules, 
but the muscles have new, more normal ones. 

As soon as the brain learns to live with 
the new rules—to accept the less strident 
sensorimotor input that comes from less 
spastic muscles —the illusion of weakness 
will disappear. In some patients, this 
learning process may take several weeks. 
Then your patient can begin to appreciate 
the increased control over physical activ- 
ities —and over his environment —that 
DANTRIUM can provide as a more normal 
physiologic base for rehabilitation. 





The only direct-acting 
skeletal muscle relaxant 


({Dantium 


(dantrolene sodium) 


Capsules 25mg 50 mg 75 mg 100 mg 
Cos < We zal 





Provides a more normal physiologic 
base for rehabilitation 


®Eaton Laboratories Inc 
Manati, Puerto Rico 00701 Before prescribing DANTRIUM, please review the box warn- 
a subsidiary of ing and full prescribing information contained in the package 
Morton-Norwich Products, Inc. circular. A brief summary appears on the following page. 


Address medical inquiries to: 
Eaton Laboratories, Medical Tari 
Norwich. New York 13815 


Dantriu m (dantrolene sodium) Capsules 25 mg /50 mg/75 mg/100 mg 


Warning 


DANTRIUM (dantrolene sodium) has a potential for 
hepatotoxicity and should not be used in conditions other 
than those recommended. Fatal hepatitis has been 
reported in approximately 0.1 to 0.2% of patients who 
have taken Dantrium for 60 days or longer. Some cases of 
hepatitis were considered to be definitely drug-related, 
whereas others may have been due to other causes. 
Symptomatic hepatitis has been observed in approximately 
0.35 to 0.5% of patients who have taken Dantrium for 

60 days or longer. Liver dysfunction, as evidenced by 
blood chemical abnormalities alone, has been observed 
in approximately 0.7 to 1.0% ofall patients exposed to 


Dantrium for varying periods of time. Risk of hepatic 
injury appears to be greater in females, and in patients 


over 35 years of age. No serious hepatic injury has yet 
been reported in patients receiving the drug for less than 
60 days, although liver enzyme elevations have occurred. 

Dantrium should be used only in con poan with 
appropriate monitoring of hepatic function including 
frequent determination of SGOT or SGPT. /F NO 
OBSERVABLE BENEFIT IS DERIVED FROM THE 
ADMINISTRATION OF DANTRIUM AFTER A TOTAL OF 
45 DAYS, THERAPY SHOULD BE DISCONTINUED. 

The lowest possible effective dose for the individual 
patient should be prescribed. 


Indications: Dantrium is indicated in controlling the manifesta- 
tions of clinical spasticity resulting from serious chronic 
disorders such as spinal cord injury, stroke, cerebral palsy, 
multiple sclerosis. Dantrium is not indicated in the treatment of 
skeletal muscle spasm resulting from rheumatic disorders. A 
decision to continue the administration of Dantrium on a 
long-term basis is justified if introduction of the drug into the 
patient's regimen: 

Produces a significant reduction in painful and/or disabling 
spasticity such as clonus, or permits a significant reduction in 
the intensity and/or degree of nursing care required or rids the 
patient of an annoying manifestation of spasticity considered 
important by the patient himself. /n view of the potential for liver 
damage in long-term Dantrium use, therapy should be stopped 
if benefits are not evident within 45 days. 

Contraindications: Active hepatic disease, such as acute 
hepatitis and active cirrhosis. Dantrium is also contraindicated 
where spasticity is utilized to sustain upright posture and 

balance in locomotion or whenever spasticity is utilized to obtain 
or maintain increased function. i ; 

Warnings: It is important to recognize that liver disorders, fatal 
and nonfatal, may occur with Dantrium therapy. 

_ Subclinical or overt hepatitis accompanied by abnormalities 

in liver function tests (SGOT, SGPT) has occurred at varying times 
after initiation of Dantrium ate Jaundice, with or without 
fever, may occur, with onset usually between the third and 

twelfth months of therapy. At the start of Dantrium therapy, it is 
desirable to do liver function studies (SGOT, SGPT, alkaline 
phosphatase, total bilirubin) for a baseline or to establish whether 
there is pre-existing liver disease. If baseline liver abnormalities 
exist and are confirmed, there is a clear possibility that the 
potential for Dantrium hepatotoxicity could be enhanced, 
although such a possibility has not yet been established. 

Regular liver function studies (e.g. SGOT or SGPT) should be 
performed on patients taking Dantrium. If such studies reveal 
abnormal values, therapy should generally be discontinued. 
Only where benefits of the drug have been of major importance 
to the patient, should reinitiation or continuation of therapy be 
considered. Some patients have revealed a return to normal 
moray values in the face of continued therapy while others 

ave not. 

If symptoms compatible with hepatitis, accompanied by 
abnormalities in liver function tests or jaundice appear, 
Dantrium should be discontinued. If caused by Dantrium and 
detected early, the abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was discontinued. 

Dantrium therapy has been reinstituted in a few patients who 
have developed clinical and/or laboratory evidence of í 
hepatocellular injury. If such reinstitution of therapy is done, it 
should be attempted only in patients who clearly need Dantrium 
and only after other previous symptoms and laboratory 
abnormalities have cleared. The patient should be hospitalized 
and the drug should be restarted in very small and gradually 
increasing doses. Laboratory monitoring should be trequent and 
the drug should be withdrawn immediately if there is any 
indication of recurrent liver involvement. Some patients have 
reacted with unmistakable signs of liver abnormality upon 
administration of a challenge dose, while others have not. 

Dantrium should be used with particular caution in females 
and in patients over 35 years of age in view of apparent greater 
likelihood of drug-induced, potentially fatal, hepatocellular 
disease in these groups. 

Long-term safety and efficacy of Dantrium in humans have not 
been established. Chronic studies in rats, dogs and monkeys at 
dosages greater than 30 me elcay a enaee growth or weight 
depression and signs of hepatopathy and possible occlusion 
nephropathy, all of which were reversible upon cessation of 
treatment. Sprague-Dawley female rats fed dantrolene sodium 
for 18 months at dosage levels of 15, 30 and 60 mg) kg/day 
showed an increased incidence of benign and malignant 
mammary tumors compared with concurrent controls and, at 
the highest dosage, an increase in the incidence of hepatic 
lymphangiomas and hepatic angiosarcomas. These effects were 








not seen in 2-42 year studies in rats of the Fischer 344 strain or 

in 2 year studies in mice of the HaM/ICR strain. Carcinogenici 

in humans cannot be fully excluded so that this possible risk o 
chronic administration must be weighed against the benefits 

of the drug (i.e., after a brief trial) for the individual patient. 

Usage in Pregnancy: The safety of Dantrium in women who are 
or who may become pregnant has not been established; hence it 
should be given only when the potential benefits have been 
weighed against possible hazard to mother and child. Dantrium 
should not be used in nursing mothers. 

Usage in Children: The safety of Dantrium in children under the 
age of 5 years has not been established. Because of the possibility 
that adverse effects of the drug could become apparent only 
after many years, a benefit-risk consideration of the long-term 
use of Dantrium is particularly important in pediatric patients. 
Drug Interactions: While a definite drug interaction with estrogen 
therapy has not yet been established, caution should be observed 
if the two drugs are to be given concomitantly. Hepatotoxicity 

has occurred more often in women over 35 years of age receiving 
concomitant estrogen therapy. 

Precautions: It should be used with caution in patients with 
impaired pulmonary function, in patients with impaired cardiac 
function due to myocardial disease, and in patients with a history 
of previous liver disease or dysfunction (See Warnings). Also, 
Dantrium may evoke a photosensitivity reaction. Patients should 
be cautioned against driving a motor vehicle or participating in 
hazardous occupations while taking Dantrium. Caution should 
be exercised in the concomitant administration of tranquilizing 
agents. 

Adverse Reactions: The most frequently occurring side effects 
of Dantrium have been drowsiness, dizziness, weakness, general 
malaise, fatigue, and diarrhea. Other side effects according to 
system are: Gastrointestinal: Constipation, G.I. bleeding, anorexia, 
swallowing difficulty, gastric irritation, abdominal cramps; 
Hepatobiliary: Hepatitis (See Warnings); Neurologic: Speech 
disturbance, seizure, headache, lightheadedness, visual 
disturbance, diplopia, alteration of taste, insomnia; Cardiovascular: 
Tachycardia, erratic blood pressure, phlebitis; Psychiatric: 
Mental depression, mental confusion, increased nervousness; 
Urogenital: Increased urinary frequency, crystalluria, difficult 
erection, urinary incontinence and/or nocturia, difficult 

urination and/or urinary retention; Integumentary: Abnormal 

hair growth, acne-like rash, pruritus, urticaria, eczematoid 
eruption, sweating; Musculoskeletal: Nyala backache; 
Respiratory: Feeling of suffocation; Special Senses: Excessive 
tearing; Other: Chills and fever. 

Drowsiness, dizziness, weakness, general malaise and fatigue 
are generally transient, occurring early in treatment and can 
often be obviated by beginning with a lower dose and increasing 
dosage gradually until an optimal regimen is established. — 
Diarrhea may be severe and may necessitate temporary with- 
drawal of Dantrium therapy. If diarrhea recurs upon readministra- 
tion of Dantrium, therapy should probably be withdrawn 

ermanently. ‘ 
sage: The complete prescribing information on dosage and 
administration should be consulted before initiating therapy. It 
is important that the dosage be titrated and individualized for 
maximum effect. The lowest dose compatible with optimal 
response is recommended. _ l 

In view of the potential for liver nomaga in long-term Dantrium 
use, therapy should be stopped if benefits are not evident 
within 45 days. 

Adults: Begin therapy with 25 mg once daily; increase to 25 mg 
two, three or four times daily and then by increments of 25 mg up 
to as high as 100 mg two, three, or four times daily if necessary. 
An occasional patient will require up to 200 mg four times daily. 

Each dosage level should be maintained for four to seven days 
to determine the patient's response. The dose should not be 
increased beyond, and may even have to be reduced to, the 
amount at which the patient received maximal benefit without 
adverse effects. 

Children: A similar approach should be utilized, pring with 1.0 
mg/kg of body weight once daily; this is increased to 1. mg/kg 
two, three, or four times daily and then by increments of 0.5 mg/kg 
up to as high as 3.0 mg/kg two, three, or four times daily if 
necessary. Doses higher than 100 mg four times daily should not 
be used in children. 

Overdosage: General supportive measures should be employed 
along with immediate gastric lavage. For further information 

see package insert. ' 

How Supplied: Dantrium is available in: I 25 me Opaque orange 
and light brown capsules (coded “Eaton 030" in black), supplied 
in bottles of 100, 500 and unit dose 100’s; I 50 mg opaque 
oranga and dark brown capsules (coded “Eaton 031” in white), 
supplied in bottles of 100; m 75 mg opaque orange capsules 


(coded “Eaton 032” in black), supplied in bottles of 100; 
E 100 mg opaque orange and light brown capsules (coded 
“Eaton 033” in white), supplied in bottles of 100 and unit 
dose 100’s. 

For round-the-clock medical consultation on any Eaton 
product, phone Norwich, New York 607-335-2565. 


& 


®Eaton Laboratories Inc. 
Manati, Puerto Rico 00701 
a subsidiary of 
Morton-Norwich Products, Inc. 


Address medical inquiries to: 
Eaton Laboratories, Medical Department 
Norwich, New York 13815 


The Department of Ophthalmology 


of the 


University of lowa 
announces an 
International Workshop 


in 


NEURO-OPHTHALMOLOGY 


with sessions on 
PERIMETRY 


OPTIC DISC & VER 
EYE MOVEMENTS 
CT SCANNING 
in 


IOWA CITY, IOWA 
November 10-12, 1977 
Organized by H. Stanley Thompson, M.D. in collaboration with 
many others, among them: Drs. Alper, Anderson, Bell, Bourgon, 
Burde, Corbett, Dell’Osso, Grimson, Hayreh, Hedin, Loewenfeld, 
Miller, Moseley, Meek, Ossoinig, Purcell, Regan, Robinson, 
Schatz, Trokel, Troost, Tso, Van Allen, Zee. 


For more information write: Director of Conferences 
lowa Memorial Union 
The: University of lowa 
lowa City, lowa, 52242 


POSITION VACANCIES: Geo- 
graphic full time clinical neurolo- 
gist, and geographic full time 
clinical neurologist with EMG 
training and experience for 480 
bed inner city teaching hospital, a 
major associated Hospital to Rush 
Medical College. Residency pro- 
gram to be integrated with RMC. 
Competitive base salary for teach- 
ing and training responsibilities 
with additional income from Neu- 
rology Group practice already es- 
tablished adjacent to Hospital. 
Ideal opportunity for academic 
and practice growth. Contact 
= LeRoy P. Levitt, M.D., Vice 
President for Medical Affairs, 
Mount Sinai Hospital Medical 
Center, California Avenue at 15th 
Street, Chicago, Illinois 60608, 
(312) 542-2526. 





Frisén, Sweden 
PUPILS Thompson, lowa City 
Glaser, Miami 
Daroff, Miami 
Sanders, London 
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COOK COUNTY 
GRADUATE 
SCHOOL OF MEDICINE 
Announces the Following Courses: 
NEUROLOGY, PART II, CLINICAL 
September 26-30, 1977 
RECENT ADVANCES IN PSYCHIATRY 
October 31-November 4, 1977 
RECENT ADVANCES IN NEUROLOGY 
November 7-11, 1977 
REVIEW COURSE IN NEUROPATHOLOGY 
February 27-March 3, 1978 
NEUROLOGY, PART |, BASIC 
March 6-10, 1978 
BASIC COURSE IN PSYCHIATRY 
April 3-7, 1978 


For more detailed information and registra- 


tion forms, 
Address: 
REGISTRAR 
707 South Wood Street 
Chicago, Illinois 60612 
Telephone: (312) 733-2800 


ANNOUNCEMENT 


Course Director: Meryl G. Roth, RPT 


Time & Place: October 13-14, 1977, 
Center for Rehabilitation Medicine, Emory 
University, Atlanta, Georgia 


Credits: 12 Hrs. Category I-AMA 
Tuition: (Payable upon application) $100 


Limit of Enrollment: 75 


Course Title: “Rehabilitation of the Patient 
with Sensory Impairment” 


Make checks payable to: Emory University 
and send to Mrs. Ethel B. Warner, 108 
Woodruff Medical Center Administration 
Bldg., Emory University, Atlanta, Georgia 





POSITION 
NOTICE 
NEUROLOGIST 


Department of Neurosciences 
Peoria School of Medicine 
University of Illinois 
College of Medicine 


The Department of Neurosciences, Peoria 
School of Medicine, University of Illinois 
College of Medicine, is seeking an assistant or 
associate professor. The candidate must have 
a genuine interest in the spectrum of medical 
education as well as in Clinical neurology. 
Experience in a neurological subspecialty and 
prior investigation experience is desirable. 
The University of Illinois is an Affirmative 
Action—Equal Opportunity Employer and 
encourages applications from members of 
minority groups and women. Closing date for 
applicants is October 1, 1977. Send first 
letters with curriculum vitae to: 


Patrick W. Elwood, M.D., Head 
Department of Neurosciences 
Peoria School of Medicine 

123 S.W. Glendale Avenue 
Peoria, IL 61605 





Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 

Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 

Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 cm (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 

Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 

Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author, (2) title, (3) journal name (as abbreviated in Index 
Medicus), (4) volume number, (5) inclusive page numbers, 
and (6) year, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, 
and (7) year. Volume and edition numbers, specific pages, 
and name of translator should be included when appro- 
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priate. The author is responsible for the accuracy and 
completeness of the references and for their correct text 
citation. 

Metrication.—All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 cm (5x7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVEs will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review._Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(814 x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 


instructions for Authors 


“It is nearly certain to be a classic for every neurologist and neurosurgeon 
and should be read avidly ‘before dawn tomorrow.’ ” 


LEGAL ASPECTS  —— 








PRACTICE 





By H. Richard Beresford, MD, JD, FCLM. 162 pages, $15 


The following review appeared in the June issue of The Journal of Legal Medicine: 


“This short but sagacious monograph is oriented ex- 
clusively to the medical-legal problems of practicing 
neurologists and neurosurgeons. It is perhaps of less 


- assistance to lawyers and other physicians. Written 


from the perspective of a clinical neurologist and con- 
taining a wealth of neurological and legal references, it 
covers a narrow but vital area admirably and fully. 


“In the context of the current malpractice crisis, neuro- 
logic injuries are apt to be both the most frequent and 
the most serious. Because of the limited recovery of 
neural tissue after injury, the inevitable disappointment 
of patients and families provides fertile ground for law- 
suits. Even the most competent practitioners and neuro- 
logic centers with the lowest incidence of error have no 
insulation from threats of malpractice suits. This is the 
first and only text to fill the acute and immediate need 
for knowledge that will provide self-protection. 


“Like its 12 companion volumes in the Contemporary 
Neurology Series, it is a sophisticated, balanced, and 
knowledgeable work, organized in textbook style. The 
first section is a primer and overview of the law, the 
courts, and the lawyer’s role in our society; it recalls 
memories of one’s undergraduate courses, such as 
‘Introduction to the Law.’ 


“Part Il, ‘The Neurologist in the Court’, forms the core 
of the work and is nothing short of superb. The organ- 
ization is so extraordinary that no morass of seemingly 
insoluble problems presents itself. This is not to say 
that Dr. Beresford has avoided the difficult issues. The 
unsolved dilemmas of many clinical situations are seen 
with an experienced eye and described with a skilled 
mind. For example, in his discussion of the legal re- 
quirements of informed consent to drug therapy, he 
realistically faces the medical difficulties encountered 
with levadopa, whose side effects approach 100 per 
cent in frequency and exhibit great variety. In such cir- 
cumstances, he provides generous references, but 
clearly restricts the statistics in text so that one is not 
inundated by a scholarly compendium of irrelevancy. 







“Summaries of classic courtroom problems, such as 
postconcussional syndrome, posttraumatic mental im- 
pairment, posttraumatic epilepsy, ‘whiplash’ injuries, 
and chronic pain of undetermined origin, are accom- 
panied by landmark case references compiled in no 
other writing. There are also a multitude of clinical 
pearls, e.g., the predictable complications of myelo- 
grams, cisternograms, angiograms, pneumoencephalo- 
grams, and lumbar punctures. 


“Finally, there is a fascinating section on more esoteric 
topics, ranging from legal problems of medical manage- 
ment of violent behavior to those resulting from public 
relations efforts of selective programs in referral cen- 
ters. This section contains some thought-provoking 
questions, fascinating citations, and penetrating 
analyses. 


“The style is workmanlike and efficient, although lack- 
ing in the grace and elegance of language that create 
excitement. Sometimes strain is evident in providing 
credibility for both sides of a problem. For the most 
part, however, the mucky dilemmas are beautifully sum- 
marized. 


“This monograph precisely defines, thoroughly illumi- 
nates, and thoughtfully discusses the topic at hand. Its 
masterfully selected references will keep it on the 
reference shelf in both hospitals and offices. It is nearly 
certain to be aclassic for every neurologist and neuro- 
surgeon and should be read avidly ‘before dawn to- 
morrow.’ ” 





F. A. DAVIS COMPANY /PUBLISHERS 


1915 Arch Street, Philadelphia, Pa. 19103 


In Canada: McGraw-Hill Ryerson, Ltd., Scarborough, Ontario M1P2Z5 


F. A. Davis Company, 1915 Arch St., Philadelphia, PA 19103 
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Please send me a copy of Beresford: Legal Aspects of Neurologic Practice $15 
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Then why Cylert. for MBD? 


(pemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Flimination of mid-day school dose and need for school 


personnel supervision 


e Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form 


e Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 


*Copy of the Cylert Monograph available on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


ABBOTT 


Please see next page for Prescribin g Information. 
708 3202 


Cylert and Cylert Chewable Tablets TTEA € 


(pemoline) 
Prescribing Information 


Description: Cylert (pemoline) is a 
central nervous system stimulant. Pemoline 
is structurally dissimilar to the 
amphetamines and methylphenidate. 

It is an oxazolidine compound and is 
chemically identified as 2-amino-5-phenyl-2- 
oxazolin-4-one. 

Pemoline is a white, tasteless, odorless 
powder, relatively insoluble (less than 1 
mg./ml.) in water, chloroform, ether, 
acetone, and benzene; its solubility in 95% 
ethyl alcohol is 2.2 mg./ml. 

Cylert (pemoline) is supplied as tablets for 
oral administration. 


Clinical Pharmacology: Cylert 
(pemoline) has a pharmacological activity 
similar to that of other known central 
nervous system stimulants; however, it has 
minimal sympathomimetic effects. Although 
studies indicate that pemoline may act in 
animals through dopaminergic mechanisms, 
the exact mechanism and site of action of the 
drug in man is not known. 

The serum half-life of pemoline is 
approximately 12 hours. Peak serum levels 
of the drug occur within 2 to 4 hours after 
ingestion of a single dose. Multiple dose 
studies in adults at several dose levels 
indicate that steady state is reached in 
approximately 2 to 3 days. 

Metabolites of pemoline include pemoline 
conjugate, pemoline dione, mandelic acid, 
and unidentified polar compounds. Cylert is 
excreted primarily by the kidneys; 
approximately 75% of an oral dose is 
recovered in the urine within 24 hours. 
Approximately 43% of pemoline is excreted 
unchanged. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain 
dysfunction. Using the recommended 
schedule of dosage titration, significant 
clinical benefit may not be evident until the 
third or fourth week of drug administration. 


Indications: MINIMAL BRAIN 
DYSFUNCTION IN CHILDREN — as 
adjunctive therapy to other remedial 
measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The 
cause of minimal brain dysfunction (MBD) 
is unknown. Diagnosis of MBD involves the 
use of medical, psychological, educational, 
and social tools, since no single diagnostic 
test is adequate. 

MBD is characterized by chronic moderate 
to severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) 
neurological signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based upon a 
complete history and evaluation of the child 
and not solely on the presence of one or 
more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational placement 
is essential and psychosocial intervention is 
generally necessary. When these measures 
alone are insufficient, the decision to 
prescribe stimulant medication will depend 
upon the physician’s assessment of the 
chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 
primary psychiatric disorders, including 
psychosis. 


Contraindications: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the drug. 
(See ADVERSE REACTIONS.) 


Warnings: Cylert is not recommended for 
children less than 6 years of age since its 
safety and efficacy in this age group have not 
been established. 

Sufficient data on the safety and the 
efficacy of the long-term use of Cylert in 
children with minimal brain dysfunction are 
not yet available. 

A temporary suppression of the predicted 
growth rate (weight and/or height gain) has 
been reported for children receiving long- 
term stimulant therapy. A definite causal 
relationship between stimulant drugs and 
this finding has not been established. 


Precautions: Liver function tests should 
be performed periodically during therapy 
with Cylert. The drug should be 
discontinued if abnormalities are revealed 
and confirmed by follow-up tests. (See 
ADVERSE REACTIONS regarding reports 
of abnormal liver function tests and 
jaundice.) 

Cylert should be administered with 
caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs 
has not been studied in humans. Patients 
who are receiving Cylert concurrently with 
other drugs, especially drugs with CNS 
activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for 
self-administration in primates. However, 
the pharmacologic similarity of pemoline to 
other psychostimulants with known 
dependence liability suggests that 
psychological and/or physical dependence 
might also occur with Cylert. There have 
been isolated reports of transient psychotic 
symptoms occurring in adults following the 
long-term misuse of excessive oral doses of 
pemoline. Cylert should be given with 
caution to emotionally unstable patients who 
may increase the dosage on their own 
initiative. 

Usage during Pregnancy and Lactation: 
The safety of Cylert (pemoline) for use 
during pregnancy and lactation has not been 
established. 

Fertility, reproduction, and teratology 
studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 
mg./kg./day, had no effect on the fertility of 
male or female rats. The drug, when given to 
pregnant rats (from gestation day 15 through 
weaning) and to rabbits (from gestation days 
6-18) at these same dosage levels, produced 
no teratogenic or embryotoxic effects, and 
had no effect on the viability of the young at 
birth. However, increased incidences of 
stillbirths and cannabilization were observed 
when pemoline was given to rats at these 
dosage levels, beginning 14 days prior to 
conception. 


Adverse Reactions: Insomnia is the 
most frequently reported side effect of 
Cylert; it usually occurs early in therapy, 
prior to an optimum therapeutic response. In 
the majority of cases it is transient in nature 
or responds to a reduction in dosage. 

Anorexia with weight loss may occur 
during the first weeks of therapy. In the 
majority of cases it is transient in nature, 
weight gain usually resumes within three to 
six months. 


Stomach ache, skin rashes, increased 
irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and 
hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum 
LDH have occurred in patients taking 
Cylert, usually after several months of 
therapy. These effects appear to be 
reversible upon withdrawal of the drug, and 
are thought to be manifestations of a delayed 
hypersensitivity reaction. There have also 
been a few reports of jaundice occurring in 
patients taking Cylert; a causal relationship 
between the drug and this clinical finding has 
not been established. 

There have been reports of dyskinetic 
movements of the lips, face, and extremities 
occurring with the use of Cylert. Convulsive 
seizures have also been reported. A definite 
causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early 
during the course of treatment with Cylert 
often remit with continuing therapy. If 
adverse reactions are of a significant or 
protracted nature, dosage should be reduced 
or the drug discontinued. 


Overdosage: Signs and symptoms of 
acute Cylert overdosage may include 
agitation, restlessness, hallucinations, 
tachycardia. The treatment for an acute 
overdosage of pemoline is essentially the 
same as that for an overdosage of any CNS 
stimulant. Management is primarily 
symptomatic and may include induction of 
emesis or gastric lavage, sedation, and other 
appropriate supportive measures. 

Results of preliminary studies in dogs 
indicate that extracorporeal hemodialysis 
may be useful in the management of Cylert 
overdosage; forced diuresis and peritoneal 
dialysis appear to be of little value. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. 

The recommended starting dose is 37.5 
mg./day. This daily dose should be gradually 
increased by 18.75 mg. at one week intervals 
until the desired clinical response is 
obtained. The effective daily dose for most 
patients will range from 56.25 to 75 mg. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administration 
should be interrupted occasionally (once or 
twice a year) to determine if behavioral 
symptoms are sufficient to require continued 
therapy. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved tablets 
in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles of 
100 (NDC 0074-6073-13) 

Cylert Chewable is supplied as mono- 
grammed, grooved tablets in one dosage 


strength: 
37.5 mg. tablets (orange-colored) E) 
in bottles of 100 (NDC 0074-6088-13) 
7083202 





Editorial 


Behavioral Change in Temporal 


Lobe Epilepsy 


i es issue of behavioral change in 
temporal lobe epilepsy has, to say 
the least, been the source of fierce 
argument. Unfortunately one of the 
major wellsprings of the acrimony has 
been the failure of many of the com- 
batants to define the issues at stake. 
To some, the issue is how often a 
schizophreniform psychosis occurs in 
temporal lobe epilepsy, to others it is 
whether periodic disorders with am- 
nesia take place in these cases. To still 
others, these issues are irrelevant and 
the argument centers not on whether 
temporal lobe epileptiecs differ from 
normals, but whether the incidence of 
personality disorder is higher in this 
condition than in other forms of 
epilepsy. 

If read carefully with close atten- 
tion to the investigators’ results, it 
will be seen that the study of Bear and 
Fedio attempts—successfully in this 
reviewer's opinion—to answer two 
basic questions. These are: (1) Do a 
group of temporal lobe epileptics 
differ in any regular way in person- 
ality from a group of controls without 
disease or with other neurological 
diseases? (2) Is there a difference 
between right- and left-sided foci? 

The success of the study is based on 
several factors: (1) The issue of 
psychosis or behavior disorder is not 


Arch Neurol—Vol 34, Aug 1977 


dealt with, but rather, difference in 
personality from controls. This avoids 
controversy as to social definitions of 
mental disorder and concentrates on 
criteria that can be widely accepted. 
Furthermore, it more easily lends 
itself to a discussion of neurological 
mechanism. (2) The test used was not 
based on a priori criteria of behavioral 
change but took advantage of the rich 
clinical literature. Such items as a 
tendency to excessive writing would 
probably not have been included in a 
test constructed on purely a priori 
principles. The value of this step is 
shown by the fact that the test used 
more effectively distinguishes the 
patients from the controls than do 
items from older nonspecific tests 
such as the Minnesota Multiphasic 
Personality Inventory. 

The results show clearly that tempo- 
ral lobe epileptics differ markedly on 
the average from controls in their 
personality structure. The possibility 
that these results, demonstrating so 
strongly the presence of interictal 
personality change, are based on 
emotional reaction to the illness, 
chronicity of illness, or drugs are all 
made highly unlikely by the findings 
that temporal lobe epileptics with 
right- and left-sided foci differ clear- 


ly. 


The study leaves some questions 
unanswered. While it shows that 
temporal lobe epilepties differ from 
normal subjects, it does not settle the 
question as to differences among 
epileptic groups. This reviewer will 
guess that while personality change 
may be found in other groups, it will 
differ from that seen in the limbic 
epilepsies, but only future research as 
well done as the study of Bear and 
Fedio will settle this question. 

The importance of studies of this 
kind should not be underestimated. 
While alterations in motor function, 
sensation, and language have been 
susceptible to neurological analysis, 
Wernicke’s dream of a neurological 
analysis of the foundations of disor- 
ders of thought and emotion has until 
now indeed seemed to remain an illu- 
sory goal. The time for a change may 
have come. Personality change in 
temporal lobe epilepsy may well be the 
most important single set of clues we 
possess to deciphering the neurolog- 
ical systems that underlie the emo- 
tional forces that guide behavior. 


NORMAN GESCHWIND, MD 
Neurological Unit 

Beth Israel Hospital 

330 Brookline Ave 
Boston, MA 02215 
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Original Contributions 


Quantitative Analysis of Interictal 


Behavior in Temporal Lobe Epilepsy 


David M. Bear, MD, Paul Fedio, PhD 


è Patients with unilateral temporal epi- 
leptic foci were contrasted with normal 
subjects and patients with neuromuscular 
disorders in the evaluation of specific 
psychosocial aspects of behavior. Eigh- 
teen traits were assessed in equivalent 
questionnaires completed by both sub- 
jects and observers. 

The epileptic patients self-reported a 
distinctive profile of humorless sobriety, 
dependence, and obsessionalism; raters 
discriminated temporal lobe epileptics on 
the basis of circumstantiality, philosoph- 


mong neurologic diseases with 
confirmed anatomic localization, 
temporal lobe epilepsy has been most 
frequently associated with functional 
psychiatric disorders.'? Despite incon- 
sistencies in sampling of temporal 
epileptic patients and the low inter- 
rater reliability of psychiatric diag- 
nosis that plague many studies,’ a 
searching review of the epidemiologic 
literature concluded that “interictal 
psychoses resembling schizophrenia 
occur more often than chance” in 
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ical interests, and anger. The right tempo- 
ral epileptic displayed emotional tenden- 
cies in contrast to ideational traits of left 
temporal epileptic. Right temporal epilep- 
tics exhibited “denial,” while left temporal 
epileptics demonstrated a “catastrophic” 
overemphasis of dissocial behavior. 

The results support the hypotheses that 
sensory-affective associations are estab- 
lished within the temporal lobes, and that, 
in man, there exists a hemispheric asym- 
metry in the expression of affect. 

(Arch Neurol 34:454-467, 1977) 


patients with temporal lobe foci.* This 
and all subsequent studies discussed 
are concerned with interictal (be- 
tween seizure) behavior rather than 
specific ictal (psychomotor) episodes. 
While such observations suggest 
that temporal foci produce extensive 
behavioral effects in some individuals, 
controversy remains concerning the 
frequency of “epileptic psychoses” 
and the specificity of a causal rela- 
tionship.‘ In fact, only a minority of 
temporal epileptics warrant the diag- 
nosis of schizophrenia, and careful 
descriptions of such patients have 
emphasized atypical features like 
deepened affect and preserved social 
relations.? The long interval (mean of 
14.1 years) between seizure onset and 
“schizophrenia-like psychosis” sug- 
gests that the psychiatrie disorder is a 
secondary and uncommon effect of an 
underlying neuropsychologic process. 
In general, there is no reason to 
believe that schizophrenia or other 
diagnostic categories constructed 
from observations of psychiatric pa- 
tients should accurately describe the 


behavioral consequences of a neuro- 
logic process at a specific locus. 
Perhaps for similar reasons, person- 
ality tests standardized on psychiatric 
reference groups or based on psycho- 
dynamic postulates have yielded no 
consistent description of temporal 
epileptic patients.*"' For example, the 
Minnesota Multiphasic Personality 
Inventory (MMPI) and Rorschach 
Test have either failed to support! or 
provided conflicting accounts’* of an 
interictal “temporal epileptic person- 
ality.” In a recent study, the Reitan 
battery did not reliably differentiate 
among patients with temporal epilep- 
sy, schizophrenia, manic depressive 
disease, and “brain damage.’ 

Such evaluations of interictal be- 
havior have not furthered theoretical 
understanding. By contrast, the study 
of destructive anterior temporal le- 
sions in animals has identified specific 
changes in emotionality, fear, aggres- 
sion, sexuality, exploration, and social 
behavior. "5 Similar consequences 
have been reported after bilateral 
temporal-limbie injury in man.’** 
Attention to the nature of these 
alterations has led to the testable 
concept that sensory limbic connec- 
tions may be interrupted by lesions 
within the temporal lobe.*’~** 

In this study, we have attempted to 
determine the effects of a unilateral 
temporal epileptic focus on specific 
psychosocial aspects of behavior. 
Eighteen traits putatively associated 
with interictal behavior were selected 
on the basis of prior reports and pilot 
testing.” Many of these traits are not, 
in themselves, indicative of psychopa- 
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Trait 


8 Characteristics Attributed to Interictal 
Behavior in Temporal Lobe Epilepsy 
Emotionality 


Elation, euphoria 


Sadness 








Anger 
Aggression 


Altered sexual interest 
























Guilt 


Hypermoralism 


Obsessionalism 
Circumstantiality 
Viscosity 

Sense of personal 
Hypergraphia 


Religiosity 


Philosophical interest 
Dependence, passivity 
Humorlessness; sobriety 


Paranoia 





thology: for example, the tendency to 
write extensively,” undergo religious 
conversion,”® or feel strongly about 
moral issues.’ Yet, the regular oc- 
currence of such features in concert 
might elucidate an interictal neuro- 
psychologic process present in many 
patients. 

The traits were assessed in two 
equivalent questionnaires, one which 
the subject answered about himself 
and a second completed about the 
subject by a close observer. Explicit 
comparisons between patients’ self- 
perceptions and raters’ evaluations 
have not previously been reported, 
and the finding of consistent dis- 
crepancies would raise the possibility 
that temporal foci influence the 
accuracy of self-description. 

Effects of laterality of the temporal 
focus were specifically considered. 
The human temporal lobes are ana- 
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Table 1.—Construction of Inventories 


Clinical Observations 


Deepening of all emotions, sustained intense 
affect 


Grandiosity, exhilarated mood; diagnosis of 
manic-depressive disease 

Discouragement, tearfulness, self-depreciation; 
diagnosis of depression, suicide attempts 

Increased temper, irritability 


Overt hostility, rage attacks, violent crimes, 
murder 

Loss of libido, hyposexualism; fetishism, 
transvestism, exhibitionism, hypersexual 
episoces 


Tendency to self-scrutiny and self-recrimination 


Attention to rules with inability to distinguish 
significant from minor infraction; desire to 
punish offenders 


Ritualism; orderliness; compulsive attention to 
detail 

Loquacious, pedantic; overly cetailed, 
peripheral 

Stickiness; tendency to repetition 

Events given highly charged, personalized 
significance; divine guidance ascribed to 
many features of patient's life. 

Keeping extensive diaries, detailed notes; 
writing autobiography or novel 

Holding deep religious beliefs, often 
idiosyncratic; multiple conversions, mystical 
states 

Nascent metaphysical or mora! speculations, 
cosmological theories 

Cosmic helplessness, “at hands of fate”’; 
protestations of helplessness 

Overgeneralized ponderous concern; humor 
lacking or idiosyncratic 

Suspicious, overinterpretative of motives and 

events: diagnosis of paranoid schizophrenia 


o7 


tomieally asymmetric,” and exten- 


sive evidence, largely gathered after 
temporal lobe resection, documents an 
asymmetry of cognitive functioning 
in which the left temporal lobe is 
specialized for linguistic, analytic pro- 
cessing, the right for spatial, synthet- 
ic operations.**"* 

A hemispheric asymmetry in emo- 
tionality and mood has also been 
suggested on the basis of reactions to 
deficits after lateralized lesions,” 
electroconvulsive shock,** and uni- 
lateral intracarotid barbiturate.*°*° 
Leftward gaze-shifts to emotional 
questions have recently been cited as 
evidence of a right hemisphere domi- 
nance for affect.” 

An epidemiologic association of left 
hemisphere temporal lobe foci with 
paranoid schizophrenia and right tem- 
poral foci with manic depressive 
psychosis has been reported.” How- 


investigators 


Davison and Bagley,’ Glaser,“ Hill,“ 
Slater,” Slater and Beard,’ and Waxman 
and Geschwind” 


Flor-Henry,***’ and Slater and Beard’ 
Glaser,” Slater and Moran,® and Williams“ 


Falconer, Mcintyre et al, Sweet et al,” 
Taylor,“ and Treffert* 


Davidson,® Mark and Ervin,*’ Mark et al,* 
and Serafetinides™ 


Blumer,*** Blumer and Walker,® Davies and 
Morgenstern,” Gastaut and Collomb,* 
Hierons,® Hooshmand and Brawley,” 
and Mitchell et al" 


Bear,” Blumer,' Dominian et al,” and 
Waxman and Geschwind“ 


Blumer,’ Mark and Ervin,® and Waxman 
and Geschwind® 


Bear,“ Blumer,’ Bruens,“ and Waxman and 
Geschwind™ 


Bear,” Slater and Beard,’ and Waxman and 
Geschwind™ 


Blumer’ and Glaser“ 


Glaser,“ Slater and Beard, and Waxman 
and Geschwind® 


Blumer’ and Waxman and Geschwind® © 


Dewhurst and Beard,” Ervin,® Hill,“ Slater,* 
and Slater and Beard’ 


Bear,“ Slater and Beard,’ and Waxman and 
Geschwind™ 


Bear,“ Blumer,’ and Slater and Beard’ 


Bear,“ Ferguson et al, and Waxman and 
Geschwind™ 


Bruens,™ Hill,“ Pond,™-® and Slater and 
Beard’ 


ever, this observation was based on a 
small percentage of temporal epileptic 
patients who had received either of 
these psychiatric diagnoses, and it has 
not been uniformly confirmed (W. 
Weir, MD, unpublished data, June 
1976). In the present study, in which 
the majority of epileptic patients had 
never received a diagnosis of psycho- 
sis, we wished to ascertain whether 
distinct behavioral profiles character- 
ized right vs left temporal epileptics. 
Independent patient and rater ques- 
tionnaires allowed separate compar- 
ison of patient responses, observed 
behavior, and accuracy of patient self- 
description between right and left 
temporal epileptic groups. 


SUBJECTS AND METHODS 
Questionnaires 


The 18 behavioral traits that were 
assessed by true-false questionnaires are 
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summarized in Table 1. Each trait was 
sampled by five items composed by the two 
investigators and judged representative by 
three additional professionals. In addition 
to these 90 trait-derived items, ten ques- 
tions were modified from the Lie Scale of 
the MMPI. These neutral items were 
included with the prediction that, in 
contrast to the trait items, they would not 
discriminate temporal epileptics from com- 
parison groups. 

Two equivalent 100-item questionnaires 
were employed: a Personal Inventory that 
the subject completed about himself, and a 
Personal Behavior Survey, consisting of 
objectified, third-person versions of the 
same items that a long-time observer 
completed about the subject. Sample items 
in the two formats are presented in 
Table 2. 

Items were presented in random order 
within the self-inventory but grouped by 
trait for the rater survey. Each block of 
questions, in the latter, was introduced by 
a neutral description of the trait (ie, 
interest in details for circumstantiality). 


Subjects 


Four groups totalling 48 subjects were 
tested. Twenty-seven patients with uni- 
lateral spike foci in the temporal lobe were 
selected according to standard EEG crite- 
ria.” All patients had experienced psycho- 
motor seizures by clinical description.**"! 
None had additional neurologic disease as 
the diagnosed cause of seizures or had 
undergone temporal lobe resection prior to 
testing. The epileptics were chosen without 
regard to psychiatric history; they were 
drawn from five general epilepsy clinics. 

The epileptic sample consisted of 15 
patients with right temporal (RT) and 12 
with left temporal foci (LT). The minimum 
age and education levels were 17 years and 
eight completed grades. None of the 
patients was dyslexic. 

A control group (C) was composed of 12 
normal adults estimated to be comparable 
to the epileptic patients in age, education, 
geographic distribution, and socioeconomic 
level. These included technical and clerical 
employees of the National Institutes of 
Health (NIH) and of a midwestern state 
agency. Nine patients under treatment at 
the NIH for neuromuscular disorders 
constituted a contrast group with neuro- 
logic disease (N). This group included six 
patients with progressive myopathic or 
neuropathic weakness, two with life- 
threatening motor system disease (amyo- 
trophic lateral sclerosis), and one with a 
peripheral sensory neuropathy requiring 
multiple amputations. 

A description of subjects and their raters 
is given in Table 3. The two groups of 
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Table 2.—Sample Items 


Trait Personal Inventory (Patient) Personal Behavior Survey (Rater) 


Aggression | have a tendency to break 
things or hurt people 
when | get angry. 

Sadness | have often felt close to 


ending my life. 
Circumstantiality 


details. 


Religiosity 


understand. 


| have trouble getting to the 
point because of all the 


| believe the Bible has spe- 
cial meaning which | can 


Has a tendency to break things 
or hurt people when angry. 


Has often felt close to ending 
his or her life. 


Has trouble getting to the point 
because of all the details. 


Believes the Bible has special 
meaning which he or she can 
understand. 














































Right 





Subjects 
Number 15 
Age, yr 
(mean [range]) 32.8 (20-54) 
Sex, M/F 6/9 
Education: highest 
grade completed 
(mean [range]) 
Age at onset 
of illness, yr 
(mean [range]) 
Duration of 
illness, yr 
(mean [range]) 
Seizure frequency, 
seizures per month 
(mean [range]) 
Raters 
Age, yr 
(mean [range]) 45.7 (18-61) 
Sex, M/F 4/11 
Education: highest 
grade completed 
(mean [range]) 
Sex of patient/sex 
of rater 
M/M 
M/F 
F/M 
F/F 
Relation of rater 
to patient: 
Family member 
Spouse 
Friend 
Professional 


12.1 (8-18) 


13.9 (2-31) 


18.7 (6-35) 


6.1 (0-20) 


12.7 (9-20) 


SN} MR] AJN 


NM} wo) &| oD 


temporal epileptics were comparable in all 
sampled characteristics. The neurologic 
patients were older (P < .025) and had a 
later onset of illness (P < .01) but experi- 
enced similar durations of illness compared 
to the epileptic groups. The patient groups 
had achieved similar education levels; the 
normal subjects completed more schooling 
(P < .05). None of the rater characteristics 
differed significantly among groups. 
Nonetheless, sampling variations in sex of 


Table 3.—Description of Subjects and Raters 


Temporal Lobe 
Epileptics 
carer aa are aE 





12 9 12 
31.7 (17-46) 46.0 (26-64) 33.7 (20-48) 
9/3 6/3 7/5 
12.6 (9-18) 12.7 (9-17) 14.3 (12-18) 
12.2 (1-32) 33.6 (6-63) 
20.0 (8-35) 12.4 (1-48) 
3.8 (0-20) 

38.8 (19-70) 45.9 (26-68) 36.8 (20-58) 
1/11 2/7 5/7 
12.7 (8-18) 12.9 (12-16) 14.9 (11-20) 
0 0 1 
9 6 6 
1 2 4 
2 1 1 
3 0 5 
7 8 5 
0 1 2 
2 0 0 


Contrast Group 


Left Neurologic Control 


subject, subject-rater sex pairing, and 
rater relationship to patient were explicitly 
considered in evaluating behavioral dis- 
criminations between groups. 


Administration 


Prior to testing, social, medical, and 
psychiatric information was requested of 
each subject. For the patient groups, clinic 
records were also utilized in coding 
epidemiologic variables. 
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Subjects and raters then independently 
completed the Personal Inventory or Per- 
sonal Behavior Survey, respectively, check- 
ing every item “true” or “false.” Covering 
instructions on both forms requested an 
“immediate, honest response” to each 
statement about “personal habits, prefer- 
ences, feelings, and beliefs”; it was empha- 
sized that “there are no right or wrong 
answers.” To encourage candor, all subjects 
were assured that scoring and processing 
would be computerized with anonymity 
preserved. 

No patient was tested while hospitalized 
for psychiatric illness; the majority com- 
pleted questionnaires during routine out- 
patient visits. No epileptic patient was 
tested within 24 hours of a clinical seizure. 
This was a precaution to assure assessment 
of stable, interictal characteristics of 
behavior rather than transient features of 
a peri-ictal confusional state. 


RESULTS 
Characterization 
of Temporal Lobe Epileptics 


Total Scores.—Figures 1 and 2 sum- 
marize the performance of all groups 
as self-reported (1) or evaluated by 
observer (2). Since each trait was 
assessed by five items, possible scores 
ranged from 0 to 5, the most extreme 
degree of the trait. Scores on the ten 
MMPI-derived items are illustrated 
separately; these have been halved to 
fall within the same range. The grand 
means over all traits are illustrated to 
the right in both figures. Scores were 
evaluated by two-way analysis of vari- 
ance with repeated measures; specific 
differences were tested by the 
Scheffe multiple comparison proce- 
dure.” 

Temporal epileptics assigned them- 
selves higher scores (Fig 1) and were 
rated more severe overall (Fig 2) than 
the nonepileptic comparison groups. 
Self-description (P < .0001) and rater 
evaluation (P < .0005) differentiated 
both right and left temporal epileptic 
groups from the neurologic patients. 
There were no significant differences 
in patient or observer mean scores 
between the two epileptic groups or 
between the neurologic and control 
group. 

Trait Profiles.—Traits differed in the 
capacity to differentiate groups 
(P < .004). To identify the character- 
istics most discriminating of temporal 
epileptics, one-way analysis of vari- 
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ance was performed on each set of 
trait scores. Traits are ranked by 
univariate F value on the horizontal 
axis of Fig 1 and 2. For each data set, 
the most discriminant traits appear to 
the left. The significance of epileptic 
vs nonepileptic, right temporal vs left 
temporal, and neurologic vs control 
differences are summarized for each 
trait above the profiles. 

On the Personal Inventory, epilep- 
tics scored significantly higher than 
the contrast groups for each of the 18 
traits, while MMPI-derived items did 
not discriminate the epileptic patients 
(Fig 1). Observers identified epileptic 
patients by 14 traits. Again, MMPI 
items did not differentiate epileptic 
from contrast subjects (Fig 2). In 
contrast to the specificity of most 
traits for epileptic patients, only three 
differences between neurologic pa- 
tients and controls were significant, 
which is within chance expectation for 
multiple comparisons. 

There were both similarities and 
differences between traits empha- 
sized by epileptic patients and their 
raters. Thus, circumstantiality and 
dependence were extensively self- 
reported and described. However, the 
most discriminant self-reported ten- 
dency—humorlessness—appeared only 
ninth among characteristics noted by 
raters. On the other hand, sadness 
(including features of depression) was 
more emphasized by observers 
(fourth) than patients (14th). 

The most discriminant individual 
traits suggest both a profile of 
temporal epileptic patients and a basis 
for their identification. In self- 
descriptions, they were subjects who 
emphasized humorless sobriety, de- 
pendence, circumstantiality, and per- 
sonal destiny. They were seen by 
others as circumstantial, obsessional, 
dependent, and sad. 

Profiles based on the analysis of 
variance would involve many traits, 
some tapping highly similar behav- 
iors. To develop a more concise 
account of temporal epileptic patients, 
trait scores were submitted to step- 
wise discriminant analysis.’* This 
multivariate procedure, starting with 
the most discriminant characteristic, 
incorporates each additional trait to 
further the identification of epileptic 


patients. The algorithm yields a short- 
ened list of traits that nonredun- 
dantly characterizes the temporal sub- 
jects. The accuracy of the description 
is reflected in a percentage of 
accurate identification. 

A discriminant combination of self- 
reported humorlessness, dependence, 
and obsessionalism correctly assigned 
90% of subjects to the epileptic or 
contrast group. These three traits, 
listed in order of decreasing discrimi- 
nation, were selected to identify inde- 
pendent aspects of the temporal 
epileptic profile. 

From the observations by raters, 
circumstantiality, philosophical inter- 
est, and anger comprised a discrimi- 
nant profile of the temporal epileptics. 
Based on these traits, 92% of the 
subjects were correctly identified by 
diagnosis. 

Item Analysis.—To increase the spe- 
cificity of description of temporal 
epileptics, we sought to identify the 
source and nature of individual items 
that effectively discriminated these 
patients. One-way analyses of vari- 
ance were performed on each of the 
100 patient and rater items. Based on 
this procedure, Table 4 summarizes 
the capacity of trait items to identify 
temporal subjects. The majority of 
trait items were individually effec- 
tive. At least one item from each of 
the 18 traits was discriminant in self- 
reports; from rater responses, only 
hypergraphia lacked a discriminant 
item. By contrast, items derived from 
the MMPI Lie Scale were equivalently 
answered by and applied to epileptics 
and nonepileptics. This differential 
discrimination (P < .001) is evidence 
for the specificity of the trait 
descriptions. 

Profiles of temporal subjects de- 
rived from stepwise discriminant 
analysis of item responses are summa- 
rized in Table 5. By utilizing the most 
effective individual items, the preci- 
sion of discrimination was improved 
so that, from either patient or rater 
scores, 47 of 48 subjects were correctly 
classified. 

These profiles complement and ex- 
tend those developed from trait 
scores. Items from each trait of the 
discriminant three-trait clusters were 
included in the corresponding seven- 
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item patient or rater profile; these are 
noted in Table 5. 

Additional items selected were 
closely related to the original clusters 
as indicated by the groupings of the 
Table. Obsessional and circumstantial 
items dealt with attention to details. 
Questions from personal destiny, hy- 
pergraphia, and humorlessness em- 
phasized sober reflection on and 
recording of minor events to which 
patients attributed covert signifi- 
cance. Religious and philosophical 
items involved a search for underlying 
meaning in the Bible or philosophical 
texts. The rater items from emotion- 
ality, anger, and sadness were similar 
in stressing overt displays of strong 
affect. 

The discriminant profiles identify 
features of behavior (obsessionalism, 
circumstantiality, and dependence), 
thought (philosophical and religious 
interests, sense of personal destiny, 
hypergraphia, and humorlessness), 
and emotion (mood swings, anger, and 
sadness) that distinguished temporal 
epileptic patients from either contrast 


group. 


Differentiation of Right 
From Left Temporal Epileptics 


Differences in  Profile.—Although 
right and left temporal epileptics did 
not differ in overall mean scores, 
significant differences were observed 
at the trait level. Right temporal 
epileptics reported more elation; left 
temporal epileptics described more 
anger, paranoia, and dependence 
(P<.05; Fig 1). Right temporal 
epileptics were rated higher in obses- 
sionalism (P < .05), viscosity, emo- 
tionality, and sadness (.6 < P< .1); 
left temporal epileptics were seen to 
demonstrate the greater sense of 
personal destiny (P < .05; Fig 2). 

To increase the precision of right- 
left differentiation, we employed the 
analysis of variance to identify those 
individual items that significantly 
differentiated the two epileptic 
groups (P < .05). This was done sepa- 
rately for patient and rater 
responses. 

From patient responses, nine dis- 
criminant items were identified. 
Ranked in order to decreasing dis- 
crimination, paranoia (1), anger (2, 8), 
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TRAITS (Order of Decreasing Discrimination) 


Fig 1.—Self-reported behavioral profiles. Traits are ordered by decreasing ability to 
separate epileptic from nonepileptic subjects (analysis of variance). Mean scores over all 
traits are shown at right. LT indicates left temporal epileptics; RT, right temporal 
epileptics; N, contrast group with neurologic disease; and C, control group. 
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TRAITS (Order of Decreasing Discrimination) 


Fig 2.Rater profiles. Traits are in order of decreasing discrimination (analysis of 
variance). Mean scores are shown at right. LT indicates left temporal epileptics; RT, right 
temporal epileptics; N, contrast group with neurologic disease; and C, control group. 
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Table 4.—Identification of Temporal Epileptics: Trait vs Minnesota Multiphasic 
Personality Inventory Derived Items 


Source 
Responses of Items 
Selff Traits 
MMPI-Lie Scalet 
Rater? Traits 
MMPI-Lie Scale 
*P < 05. 
ĦP < .001. 


Discriminant* 





No. Non- 
discriminant Discriminant 


26 71 
10 0 
32 64 
10 0 


{MMPI indicates Minnesota Multiphasic Personality Inventory. 


Table 5.—Profile of Temporal Epileptic Patients Based on Item Responses* 


Order of Item 
Source Incorporation 
Self-report 
1,7 
4 
6 
2 
5 
3 
Rater report 
1 
4 
2 
6 
7 
3 





Trait Item 


Personal destiny 
Humorlessnesst 
Hypergraphia 
Obsessionalismt 
Circumstantiality 
Dependencet 


Circumstantialityt 
Obsessionalism 
Emotionality 

Anger? 

Sadness 

Religiosity 
Philosophical interest? 


*In the self-report, 26 actual epileptics were classified epileptic and one was classified nonepilep- 
tic. Of the actual nonepileptics, none was classified epileptic and 21 patients were correctly classified 
nonepileptic (classification accuracy, 98%). In the rater report, 27 actual epileptics were classified 
epileptic and none was categorized nonepileptic. Of the actual nonepileptics, one patient was 
Classified epileptic and 20, nonepileptic (classification accuracy, 98%). 

These traits were included in the discriminant profiles derived from trait scores. 


dependence (3, 9), religiosity (4), 
sadness (5), philosophy (6), and humor- 
lessness (7) were represented. In each 
case, the nature of the discrimination 
was a higher score for left than right 
temporal epileptics. There was thus a 
significant tendency for left temporal 
epileptic patients to describe them- 
selves more severely (P < .004). A 
stepwise discriminant analysis identi- 
fied six items on the basis of which all 
epileptic subjects (15/15, 12/12) were 
accurately lateralized. While the sepa- 
ration showed left temporal epileptics 
exceeding right temporal epileptics in 
reporting multiple traits, the initial 
(most powerful) discriminations re- 
flected the greater reporting of social- 
ly disapproved traits—anger and para- 
noia—by left temporal epileptics. 
Observers also discriminated be- 
tween right and left temporal epilep- 
tics, but on a different basis, as 
summarized in Table 6. Significant 
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qualitative differences between the 
groups were reflected by the number 
and discriminative power of listed 
items (P < .001). 

The right group was distinguished 
by items stressing externally demon- 
strated affect. This was manifested in 
unusual sexual attractions, remon- 
strations of helplessness, periods of 
sadness, emotional arousability, or 
moralistic fervor. A second type of 
item involving overconcern with de- 
tails and orderliness also character- 
ized the right temporal epileptic group 
more than the left. 

Left tempora! patients were identi- 
fied with a sense of personal destiny 
and a concern for meaning and signif- 
icance behind events. Related items 
emphasized powerful forces working 
with one’s life (paranoia) and the need 
for sober intellectual and moral self- 
scrutiny (humorlessness, conscien- 
tiousness). 


To determine the most concise 
combination of items that would 
differentiate right from left temporal 
epileptics, stepwise discriminant anal- 
ysis was performed (Table 7). Four 
items, all previously selected by uni- 
variate analysis of variance, were 
able, in combination, to classify 26 of 
27 patients by laterality. Consistently, 
right temporal epileptics were identi- 
fied with changes in affective drive or 
behavior, left temporal epileptics with 
intellectual and moral contemplation. 

Factor Analysis.—To codify the dis- 
tinctions between group profiles, we 
sought to identify underlying rela- 
tionships within the set of traits. 
Inspection of trait correlation ma- 
trices for each of the groups justified 
pooling the 48 subjects to extract prin- 
cipal component factors. Factor anal- 
ysis was performed separately with 
subject and rater scores to assess the 
generality of the underlying factors. 

In either subject or rater analysis, 
the first two principal components 
accounted for a large percentage 
(60.3%, 56.3%) of the total variance. 
Their factor structures are presented 
in Table 8. Subject and rater factor 
structures were highly similar, sup- 
porting the generality of the under- 
lying association of traits. Factor 2 as 
well as factor 1 was strongly repli- 
cated, since the inversion of polarity 
between subject and rater forms has 
no empirical significance. 

Factor 1 appeared to be a general 
factor, establishing that all 18 traits 
shared a familial relationship of inter- 
correlation. The entire cluster tended 
to appear in the temporal epileptic 
groups, accounting for variance be- 
tween patients and contrast subjects. 
The MMPI-derived items did not load 
significantly on this factor, which, 
with the results of Table 4, excluded 
the interpretation of a nonspecific 
response tendency. Since all traits 
loaded in the same direction, principal 
component scores on this factor would 
represent a weighted sum of trait 
scores 74 and constitute a measure of 
quantitative severity. 

In contrast to the unidirectional 
factor 1, factor 2 had a bivalent struc- 
ture of loadings. This factor identified 
two qualitatively different clusters of 
traits that had a negative intercorre- 
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lation. Overtly emotive (anger, ag- 
gression, and emotionality) vs idea- 
tional, ruminative (religiosity, humor- 
lessness, personal destiny, and philos- 
ophy) traits defined the bipolar ends 
of the factor. The modified MMPI 
items loaded strongly at the ideative 
end of the continuum. While unin- 
tended, this result was understand- 
able since many Lie items probed 
extremes of sober, intellectually rumi- 
native behavior: “I read every edito- 
rial in the newspaper; At elections, I 
never vote for men about whom I 
know little.” Thus, each score on this 
factor would represent the net posi- 
tion, calculated as a weighted alge- 
braic sum, of a subject on the emotive- 
ideative qualitative axis. 

Scores derived from these factors” 
are plotted in Fig 3; these were evalu- 
ated by analysis of variance. From 
subjects’ self-descriptions, epileptic 
groups were easily distinguished from 
nonepileptics on factor 1 (P < .001). 
However, subject scores did not 
differentiate groups along the emo- 
tive-ideative axis. Specifically, right 
and left temporal epileptics gave qual- 
itatively similar accounts of them- 
selves. 

The raters presented a different 
account. Again, scores on factor 1 
allowed identification of epileptics 
(P < .001). However, raters distin- 
guished left temporal epileptics as 
qualitatively different from any other 
group in the ideative emphasis of 
their responses (P < .05). This allowed 
a separation from right temporal 
epileptics on factor 1 (P < .025). Right 
temporal epileptics were unique in 
profile (P < .05); judged most severe 
overall, the character of their 
responses had an emotive emphasis. 
Although their mean score on factor 2 
was less than the control, the five 
subjects with the highest emotive 
scores in the total sample were right 
temporal epileptics. 

To evaluate the specificity of an 
emotive-ideative classification in dis- 
tinguishing right from left temporal 
epileptics, principal component scores 
were derived for each subject from 
responses to the discriminating items. 
These were calculated by multiplying 
the relevant factor matrix, using the 
loadings of Table 8, by the data 
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Table 6.—Observed Differentiation of Right From Left Temporal Epileptics 


Univariate 


Differentiation 


Items Individually Discriminant: 
Univariate-Analysis of Variance 
Right temporal epileptics 
characterized more than left 


Rank 


Left temporal epileptics char- 
acterized more than right 





Trait Membership F P 


Sexual alteration 13.50 < .001 
Dependence 12.74 < .001 
Sadness 7.67 < .01 
Viscosity 6.14 < .05 
Circumstantiality 5.52 < .05 
Emotionality 5.34 <05 
Hypermoralism 5.06 < .05 
Obsessionalism 5.01 < .05 
Obsessionalism 4.79 < .05 
Obsessionalism 4.38 < .05 
Personal destiny 13.72 < .001 
Personal destiny 8.08 < .01 
Personal destiny 5.75 < .05 
Paranoia 5.07 < .05 
Humorlessness 4.88 < .05 


Conscientiousness 
(MMPI)* 


*MMPI indicates Minnesota Multiphasic Personality Inventory. 


Table 7.—Observed Differentiation of Right From Left Temporal Epileptics* 


Order of 
Incorporation 
Stepwise Discriminant 

Analysis 
1 Personal destiny 


Conscientiousness 


Obsessionalism 
Sexual alteration 





Trait Membership 


Univariate 


Rank Differentiation 


LT > RTT 
LT > RE 
RT > LT 
RT >LT 


*Of the actual right temporal epileptics, 14 patients were classified as right temporal and one, left 
temporal. Of the actual left temporal epileptics, none was classified right temporal and 12 patients 


were classified as left temporal. 


+LT > RT indicates that persona! destiny characterized left temporal epileptics more than right 


temporal epileptics. 


matrix of rater responses to differen- 
tiating items.’ Standardized mean 
scores are plotted in Fig 4A; signifi- 
cance was assessed by analysis of vari- 
ance. 

The severity factor distinguished 
either epileptic group from the con- 
trast patients (P < .001). Right tem- 
poral epileptics were evaluated as 
significantly more severe than left 
temporal epileptics (P < .05), in con- 
trast to the greater severity self- 
reported by left temporal patients. 
(This difference must be interpreted 
in the light of sex effects presented 
below.) 

Based on factor 2, there was a 
double dissociation of right and left 
temporal epileptics from the contrast 


groups. The right temporal epileptics 
were rated more emotive (P < .001), 
the left temporal epileptics more idea- 
tive (P < .005) than either of the 
control groups, which did not differ 
significantly. Right and left temporal 
epileptics were clearly separated on 
this dimension (P < .001). 

These differences in profile 
(P < .001) are reflected in the two- 
dimensional scattergram of Fig 4B. 
The ordinate separates all right (emo- 
tive) from left (ideative) temporal 
epileptics; the most extreme emotive 
or ideative subjects belong respec- 
tively to right or left temporal groups. 
On the severity axis, epileptics are 
generally located above contrast sub- 
jects; neurologic patients extensively 
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+. 





Trait 


Factor 1: Severity* 
Obsessionalism 


Emotionality 
Dependence 
Paranoia 
Sadness 
Viscosity 
Guilt 
Circumstantiality 
Aggression 
Anger 
Humorlessness 
Hypermoralism 
Religiosity 
Elation 
Sexual alteration 
Personal destiny 
Hypergraphia 
Philosophical interest 
MMPI-Lie Scale; 
Factor 2: Emotive-ideativet 
Anger 
Aggression 
Emotionality 
Obsessionalism 
Hypermoralism 
Sadness 
Viscosity 
Dependence 
Elation 
Sexual alteration 
Guilt 
Circumstantiality 
Paranoia 
Hypergraphia 
Religiosity 
Humorlessness (sobriety) 
Personal destiny 
MMPI-Lie Scale: conscientiousness 
Philosophical interest 





*Factor 1: fretient/rarer = 0\822 (P< .001 ). 


Table 8.—Principal Components Factor Analysis 








Patient 
Factor Loading 


Rater 
Factor Loading 







































—.848 —.735 
—.828 —.849 
—.808 —.762 
—.801 —.788 
—.797 —.615 
—.788 —.843 
—.776 —.806 
—.768 —.835 
—.699 —.672 
—.663 —.698 
—.648 —.716 
—.636 —.566 
—.634 —.600 
—.589 —.482 
—.582 —.637 
—.562 —.730 
—.516 —.713 
—.352 —.592 
—.108 —.113 

.338 —.388 

.295 —.477 

.274 —.039 

211 —.291 

.129 .025 

114 —.466 

.104 —.148 

.086 —.072 

.077 .288 

.072 —.160 
—.003 —.200 
—.039 .020 
—.076 —.074 
—.235 .280 
—.325 430 
—.332 323 
—.471 457 
—.733 147 
—.756 .540 





İMMPI indicates Minnesota Multiphasic Personality Inventory. 


Factor 2: Fparientzrarer = —0.883 (P < .001). 


overlap normal subjects. Thus, the 
upper two quadrants, severe-emotive 
and severe-ideative, concentrate right 
and left temporal epilepties, respec- 
tively. 


Differences in Patient-Rater 
Agreement Between Right 
and Left Temporal Epileptics 


Right temporal epileptics were dis- 
tinguished from left both in self- 
report and rater evaluation. As noted, 
the bases of separation were differ- 
ent. This suggested that the epileptic 
groups gave a different profile of 
themselves from that supplied by 
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raters (Fig 1 and 2). 

Figure 3 allows direct comparison of 
patient vs rater assessment of each 
group. The relative severity of right 
and left temporal epileptic groups is 
reversed between patient and rater 
accounts (.05 < P<.1), while con- 
trast groups maintained similar val- 
ues. On factor 2, right temporal 
epileptics reported themselves signifi- 
cantly more ideative than did raters 
(P < .05); left temporal epileptics 
overemphasized emotive qualities 
(P < .02). Neither of the contrast 
groups differed significantly from 
their raters (P>.1). Patient-rater 


disagreements were significantly dif- 
ferent in right and left temporal 
epileptics (P < .005). 

To identify specific discrepancies 
between patient and rater accounts, 
difference scores were constructed for 
subjects by subtracting each rater 
response from the corresponding sub- 
ject item. Patient-rater agreement 
then produced a difference score of 0; 
positive differences indicated patient 
overreport, and negative differences 
showed under-report of a rated vari- 
able. 

Averaged over all traits, the left 
temporal epileptics consistently gave 
more severe self- than rater-evalua- 
tions. The left mean difference score 
was greater than that of any of the 
other groups (P < .01), which did not 
differ significantly. The right tempo- 
ral group was distinguished by its 
variability over traits (P < .01); right 
temporal epileptics strongly underre- 
ported some qualities and overre- 
ported others compared to raters’ 
accounts. 

The most significant difference 
among traits was in the reporting of 
sadness, which included signs of clin- 
ical depression (P < .001). The right 
temporal patients minimized or de- 
nied these tendencies compared to 
raters’ observations, while the left 
temporal patients emphasized them. 
Thus, left temporal epileptics self- 
reported more sadness than right 
temporal epileptics (Fig 1), but right 
temporal patients were evaluated as 
the more depressed (Fig 2). A similar 
pattern of underreporting by right 
temporal epileptics and overreporting 
by left temporal patients separated 
groups on obsessionalism, dependence 
(P< .05), anger, and the tenden- 
cy to punitive hypermoralism 
GUS <2 P< 21); 

A different profile of subject-rater 
disagreement differentiated groups 
on personal destiny, guilt (evaluated 
as personalized moral concern and 
self-scrutiny), and conscientious be- 
havior (.05 < P < .1). Right temporal 
epileptics tended to exaggerate these 
qualities. The MMPI items showed a 
specific discrepancy in the left tempo- 
ral group, for which raters acknowl- 
edged substantially more conscien- 
tious behavior (good table manners, 
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polite language, etc) than patients 
self-reported. 

On the basis of patient-rater dis- 
crepancies, left and right temporal 
groups differed on three traits at 
P< .05 and on an additional five 
traits at P< .1; this is significantly 
greater than chance expectation 
(P < .001). The difference between 
the neurologic and control groups 
approached significance on only one 
trait, which is within expectation. 
Their scores were generally interme- 
diate between left and right values, 
close to zero over all traits (Fig 5 
and 6). 

Trait difference scores were sub- 
jected to a stepwise discriminant anal- 
ysis to evaluate the consistency of 
right-left temporal epileptic differ- 
ences. Three traits were included in 
the discriminant function: sadness 
(denied by right temporal epileptics, 
emphasized by left temporal epilep- 
tics), guilt reflected as self-scrutiny 
(exaggerated by right temporal pa- 
tients), and concern for personal 
destiny (exaggerated by right tempo- 
ral epileptics). Based on this profile, 
all 15 right temporal epileptics and ten 
of 12 left temporal patients could be 
correctly classified by laterality. 
When item scores were similarly 
analyzed, a four-item profile was 
developed that produced perfect 
right-left temporal epileptic differen- 
tiation. In the discrimination, sadness 
and aggression were minimized by 
right temporal patients and exagger- 
ated by left temporal patients; con- 
scientious behavior was emphasized 
by right temporal epileptics and 
minimized by left temporal epileptics. 
Thus, a pattern of trait specific denial 
or exaggeration was a reliable feature 
differentiating right from left tempo- 
ral epileptics. 

To generalize the basis of this 
discrimination, we utilized the anal- 
ysis of variance and identified 12 
items that by patient-rater differ- 
ences separated right from left tem- 
poral epileptics (.01 < P < .05). In 
general, the items selected were not 
those discriminating in the previous 
analyses of patient or rater profiles. 
This supported an independent differ- 
entiation, based on patient-rater dis- 
crepancies, between the epileptic 
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Fig 3.—Factor profiles derived from trait scores. Factor 1: severity. Factor 2: emotive- 
ideative. LT indicates left temporal epileptics; RT, right temporal epileptics; N, contrast 
group with neurologic disease; and C, control group. 
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Fig 4.—Factor scores derived from discriminative items. A, Mean factor scores. Factor 1: 
severity. Factor 2: emotive-ideative. B, Scattergram of all subjects by factor scores. 


Circled symbols indicate mean coordinates 


for groups. LT indicates left temporal 


epileptics; RT, right temporal epileptics; N, contrast group with neurologic disease; and 


C, control group. 


groups (P < .001). 

Responses of all subjects were used 
to group the items by cluster analysis 
(McKeon hierarchical cluster algo- 
rithm) and by principal component 
analysis.™* The procedures were con- 
gruent, yielding two distinct clusters 
of items that segregated at opposite 


polarities of the first principal compo- 
nent. 

The negative loading cluster (1) 
included items from sadness, obses- 
sionalism, dependence, anger, and 
aggression. These involved depres- 
sion, suicidal feelings, explosive tem- 
per, peevish irritation to disturbance, 
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Fig 5.—Patient-rater discrepancies. Mean 
scores for cluster 1 (socially disapproved 
items) and cluster 2 (socially approved 
items). RT indicates right temporal epilep- 
tics; LT, left temporal epileptics; N, 
contrast group with neurologic disease; 
and C, control group. 


and inappropriate dependence on oth- 
er people. This was a cluster of 
dysphoric, socially unacceptable ten- 
dencies. 

In contrast, the positive cluster (2) 
stressed self-worth, the ability to see 
meaning behind suffering (personal 
destiny), exceptional personal eti- 
quette, prompt attention to obliga- 
tions (conscientiousness), and minimal 
sexual needs (sexual alteration). 
These qualities were socially valued. 

Group responses to the clusters are 
shown in Fig 5. Vis-à-vis raters 
assessments, left subjects exagger- 
ated negative qualities (P < .001). 
Right patients exhibited the opposite 
inclination: compared to control sub- 
jects who agreed closely with raters, 
they denied the dysphoric tendencies 
(P < .05). Right and left temporal 
epileptics were thus sharply separated 
(P < 00r): 

The configuration was reversed for 
positively valued items. Right tempo- 
ral epileptics exaggerated their pos- 
session of desired qualities (P < .05) 
while left temporal patients tended to 
minimize positive behavioral features 
that raters perceived (.05 < P < .1). 
The profile difference between right 
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Fig 6.—Distortions of self-image. Compar- 
ison of groups based on principal compo- 
nent scores. LT indicates left temporal 
epileptics; RT, right temporal epileptics; N, 
contrast group with neurologic disease; C, 
control group. 


and left temporal epileptics was high- 
ly significant (P < .0001). 

The classification of items by social 
desirability, which was derived from 
patient-rater discrepancies, could be 
distinguished from the prior separa- 
tion of ideative vs emotive qualities. 
For example, an item indicating lack 
of a sense of humor fell in the nega- 
tive cluster, consistent with its disso- 
cial implications. Other items from 
humorlessness, which stressed intel- 
lectual probity, sorted positively. An 
item exploring unusual sexual prac- 
tices loaded strongly in the negative 
sense; this was denied by all right 
temporal patients but affirmed by one 
third of their raters. However, a de- 
emphasis of sexual needs clustered 
with positive items; its extent was 
exaggerated by right temporal pa- 
tients. Thus, items from the same 
trait category sorted differently, de- 
pending on acceptability. Disapproved 
affects (anger, aggression, and sad- 
ness) clustered negatively; items sug- 
gesting elation and appropriate emo- 
tionality sorted with positive quali- 
ties. 

In principal component analysis, 
items of clusters 1 and 2 were sepa- 
rated at their respective polarities of 
the first principal component.’: The 
score on this component thus reflects 
the algebraic sum of a subject’s exag- 
geration of positive (+) and denial of 
negative (—) qualities. Extreme scores 
of either sign indicate distortion of 


the subject’s image relative to rater 
evaluation; scores near 0 are consis- 
tent with close patient-rater agree- 
ment. 

A positive score connotes image 
“polishing,” since it resulted when a 
subject exaggerated desired qualities 
and denied disapproved ones. Nega- 
tive scores express “self-tarnish,” 
since such a subject had both exagger- 
ated weaknesses and minimized 
strengths. 

Figure 6 summarizes these tenden- 
cies among the four groups. There was 
a double dissociation, since the right 
temporal patients significantly “pol- 
ished” (P < .005) and the left tempo- 
ral patients “tarnished” (P < .005) 
relative to either contrast group. The 
epileptic groups were maximally sepa- 
rated by this dimension (P < .001). 


Additional 
Differentiating Variables 


Additional variables that might dif- 
ferentiate groups or bias the interpre- 
tation of test scores were considered. 
Table 9 summarizes aspects of psy- 
chiatric and social history. Although 
no patient was tested in a psychiatric 
hospital or while judged psychotic, by 
history, one third of the temporal 
epileptic patients had undergone psy- 
chiatric hospitalization. This was a 
significant prevalence (P < .02) and 
agreed closely with a recent survey of 
psychiatric hospitalization among 
temporal epileptics attending a gener- 
al epilepsy clinice (W. Weir, MD, 
unpublished data, June 1976). 

Within the right temporal group, 
patients previously hospitalized ob- 
tained more severe self or rater scores 
(P < .05). In the left temporal group, 
hospitalized patients scored higher 
(P < .05) but were not rated more 
severe. 

After deletion of patients with a 
history of psychiatric hospitalization, 
analysis of variance was repeated on 
both subject and rater scores. In both 
analyses, the remaining epileptic pa- 
tients were readily distinguished 
from the contrast subjects 
(P < .001). 

Although the type of psychiatric 
disease (schizophrenia vs affective 
disorder) did not differ between right 
and left temporal groups, the only 
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patient with a history of manic 
episodes had a right temporal focus."* 
Suicide attempts were frequent in 
both epileptic groups (P < .01), often 
in a setting of depression. Two right 
temporal epileptics and one left tem- 
poral patient had been convicted of 
violent crimes (P < .1); equal numbers 
(2) of neurologic and epileptic patients 
had committed nonviolent crimes. 

Sexual differences were evaluated 
by analysis of variance. Patient scores 
did not reflect sex or sex interaction 
effects. Among rater scores, female 
subjects received higher scores overall 
than males (P < .02). This was true 
for both epileptic and the normal 
groups, and may reflect cultural 
assumptions. However, within groups, 
the sex effect only reached signifi- 
cance among left temporal subjects 
(P < .05). Two left temporal epileptic 
women had been hospitalized with the 
diagnosis of paranoid schizophrenia, 
and another had attempted suicide. 
While this sample is small, the results 
are in harmony with previous observa- 
tions of severe psychiatric pathologic 
conditions among left temporal epi- 
leptic women.” 

Since the right temporal group 
contained a (nonsignificantly) higher 
percentage of women than the left, it 
was necessary to exclude sex differ- 
ences as a contaminant in right-left 
temporal patient behavioral discrimi- 
nations. Sex was never a significant 
factor in analyses of patient scores. 
However, women were rated more 
severe than men on factor 1 (Fig 4). 
Thus, the right-left temporal patient 
severity difference may have been 
influenced by the greater number of 
women in the right group. 

More critically, the emotive-idea- 
tive scores on factor 2 were not 
influenced by sex (P < .5), and none 
of the items selected for the stepwise 
discriminant function was sexually 
differentiating (Table 6). There was 
no sex effect on patient-rater differ- 
ence scores. The differentiations be- 
tween the right and left temporal 
groups could not, therefore, be conse- 
quences of sexual distribution. 

Differences among raters were also 
considered as possible distortions in 
group differentiation. Specific anal- 
yses excluded sex of rater, patient- 
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Violent crime 








Table 9.—Psychiatric and Dysocial Disorders in Temporal Epileptic Patients* 


Right Temporal 
Temporal Epileptics Epileptics 


Psychiatric hospitalization (33) 4 (33) 


Type of psychiatric diagnosis 
Thought disorder 3 (20) 2 (16) 
Affective disorder 2 (13) 20 (16) 


Suicide attempt 3 (20) 4 (33) 


Left 






No. (%) 





No. (%) 
5 





2 (13) 1 (8) 











“There was no history of psychiatric or dysocial disorder for the control and neurologic contrast 


subjects. 


rater sex pairing, and relation of rater 
to patient (family member vs spouse) 
as biasing factors. 

To evaluate the consequences of 
sampling variations among groups 
(Table 3), age, education level, age at 
onset of illness, and seizure frequency 
were correlated with behavioral 
variables. Neither the greater age of 
neurologic patients nor the higher 
education level of control subjects 
accounted for significant variation in 
trait scores. 

Among patient groups, the neuro- 
logic subjects suffered illness with 
later onset. Within this group, ratings 
on three traits correlated positively 
with age of onset. This contrasted 
with negative correlations in both 
epileptic groups on six variables. 
Thus, early onset of temporal epilepsy 
but late onset of neuromuscular 
disease were associated with more 
extensive behavioral effects, suggest- 
ing different underlying processes. 
The later average onset of the neuro- 
logical group supplied a conservative 
bias, exacerbating apparent behav- 
ioral changes in this group. 

Seizure frequencies were compa- 
rable in right and left temporal 
epileptic groups. There was, however, 
wide variation in degree of seizure 
control (0 to 20 per month) among 
epileptic patients. It was therefore 
striking that seizure frequency 
showed no consistent correlation with 
tabulated behavioral variables. 


COMMENT 


The present study identifies psy- 
chological features, self-reported or 
observed, which reliably distinguished 
patients with temporal lobe foci. 
These features did not appear signifi- 
cantly in patients with other, more 


socially limiting and debilitating neu- 
rologic illnesses. Although unexam- 
ined in the current study, patients 
with localized epileptic foci outside the 
temporal lobes do not generally pre- 
sent abnormalities of emotion and 
behavior." A consistent profile of 
changes in behavior (obsessionalism, 
circumstantiality), thought (religious 
and philosophical interest), and affect 
(anger, emotionality, and sadness) 
thus appears to be the specific conse- 
quence of a temporal epileptic focus. 

It has been possible to specify 
discriminant psychological features 
and to distinguish between those that 
patients emphasize in self-report and 
those conspicuous on observation. This 
results in considerable descriptive 
precision compared to epidemiologic 
associations based on psychiatric 
diagnoses. In fact, the most power- 
fully discriminant traits (humorless- 
ness, dependence, circumstantiality, 
and philosophical interest) do not 
necessarily connote psychosis or cor- 
respond to any standard psychiatric 
descriptor. Whereas all the temporal 
lobe patients were identified by the 
discriminant profile above (Table 5), 
two thirds had never been described 
as psychotic. 

Since virtually no correlation be- 
tween seizure frequency and behav- 
ioral variables was significant, it is 
improbable that the psychological pro- 
file is a direct consequence of seizures. 
By contrast, duration of illness did 
correlate with most behavioral param- 
eters, in agreement with prior find- 
ings that psychological changes devel- 
op progressively over years after 
seizure onset.'*° This latency, and the 
stable, dispositional character of 
many rated behaviors (obsessional- 
ism, humorlessness, and dependence) 
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also argue against the possibility that 
tabulated psychological changes are 
expressions of paroxysmal subclinical 
seizures. 

Rather, the behavioral profile may 
reflect progressive changes in limbic 
structure secondary to a temporal lobe 
focus. We have previously suggested 
that the set of 18 behavioral charac- 
teristics are related by an underlying 
mechanism: enhanced affective asso- 
ciation to previously neutral stimuli, 
events, or concepts.** Thus, experienc- 
ing objects and events shot through 
with affective coloration engenders a 
mystically religious world view; if a 
patient’s immediate actions and 
thoughts are so cathected, the result is 
an augmented sense of personal desti- 
ny. A felt significance behind events 
that others dismiss constitutes a seed 
bed for paranoia or may confirm the 
feeling that the patient is a passive 
pawn in the hands of powerful forces 
that structure the world. Feeling 
fervently about rules and laws may 
lead to action in which the patient 
“takes the law into his own hands.” 
Sensing emotional importance in even 
the smallest acts, he performs these 
ritualistically and repetitively. Since 
details bear the imprimatur of affec- 
tive significance, many will be men- 
tioned in lengthy, circumstantial 
speech or writing. 

The proposal that an epileptic focus 
in the limbic system brings about 
enhanced affective associations per- 
mits correlation with theoretical??? 
and experimental" accounts that 
anatomical connections between sen- 
sory and limbic structures are estab- 
lished within the temporal lobe. 
Whereas destructive lesions appears 
to produce sensory limbic dissociation 
through disconnection, it is our sug- 
gestion that the epileptic process 
brings about functional hyperconnec- 
tion, leading to a suffusion of experi- 
ence with emotional coloration. The 
effect of a temporal focus may be to 
establish new functional connections 
between neocortical and limbic struc- 
tures or to disrupt mechanisms that 
normally inhibit fortuitous sensory- 
limbic associations.** Recent evidence 
from commissurectomized monkeys 
supports the possibility that a cortical 
epileptic focus facilitates additional 
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functional connections.” 

If enhanced affective association is 
brought about by a temporal focus, 
the expression of increased affectivity 
appears to reflect a form of hemi- 
spheric asymmetry. Right temporal 
foci led to external emotive or behav- 
ioral manifestions: anger, sadness, 
elation, circumstantiality, viscosity, 
and hypermoralism. By contrast, left 
hemisphere patients had ruminative, 
intellectual tendencies: religiosity, 
philosophical interests, and sense of 
personal destiny. 

Foci in either hemisphere thus 
appear to influence affective associa- 
tions. This is consistent with observa- 
tions of human split-brain subjects 
who demonstrate familiarities, pref- 
erences, and _ aversions—affective 
responses—to photographed objects 
presented to either isolated hemi- 
sphere (D. Zaidel, PhD, personal 
communication, August 1974).® The 
simple concept of right hemisphere 
dominance for emotion requires qual- 
ification. 

However, the nature of affective 
association and response does suggest 
distinctive hemispheric styles. The 
right hemisphere apparently utilized 
nonverbal reactions: emotive, impul- 
sive, and dispositional. The left hemi- 
sphere showed a predilection for idea- 
tive, contemplative, and perhaps 
verbal expressions of affect as repre- 
sented in cosmologic or religious 
conceptualizing. The statistical asso- 
ciation of right temporal foci with 
disorders of mood and of left foci with 
thought disturbance supports this dif- 
ferentiation.” As well, a recent neu- 
ropsychological study identified right 
temporal epileptic patients with an 
impulsive and left temporal patients 
with a reflective “conceptual tem- 
pg, ~s 

Comparison of self and rater 
responses showed another distinction 
between right and left temporal 
groups. We have interpreted patient- 
rater disagreement in these groups to 
reflect contrasting distortions by pa- 
tients. This seems justifiable for 
several reasons. There was no intrin- 
sic feature of the questionnaires that 
produced disagreements, since self 
and rater profiles coincided closely 
among control and neurologic sub- 


jects. Cultural biases of raters con- 
cerning epilepsy could not account for 
the opposing nature of discrepancies 
in right and left temporal groups. 
Raters were comparable among 
groups, and there were no consistent 
variations in profile attributable to 
rater characteristics. Since the observ- 
er profiles lack apparent bias, the 
variable that best accounts for the 
discrepancies of Fig 5 and 6 is patient 
self-perception. 

These are post hoc conclusions from 
the current study. In fact, the decision 
to obtain independent rater evalua- 
tions came from prior clinical observa- 
tions of temporal epileptic patients 
who had distorted accounts of objec- 
tively verified aggressive tendencies. 
The minimization or denial of nega- 
tive behavior among patients with a 
right temporal focus was most strik- 
ing, but a tendency of left temporal 
patients to overly harsh self-descrip- 
tion was also noted.” Independent 
clinical observations of patient bias 
thus prompted the quantitative evalu- 
ation of patient-rater discrepancies, 
which confirmed the distortions. 

The present results establish that 
patients with right temporal foci deny 
dysphoric, socially disapproved behav- 
ior while exaggerating valued quali- 
ties (“polishing”). Left temporal pa- 
tients demonstrate an opposite distor- 
tion. By emphasizing negative behav- 
ioral qualities and minimizing their 
extraordinary conscientious behavior, 
they “tarnished” their images relative 
to observer evaluations. 

These contrasting biases in self- 
profile, dependent on laterality of the 
epileptic focus, parallel observations 
concerning reaction to deficits after 
unilateral cerebral lesions. The most 
dramatic denial of illness—anosog- 
nosia for hemiplegia—is strongly asso- 
ciated with right hemisphere localiza- 
tion.*:"? More generally, the reactions 
of patients with right hemisphere 
injury have been characterized as 
facetious and inappropriately indif- 
ferent.” Like the dissocial behavior of 
right temporal epileptics, deficits 
demonstrated in testing of right brain 
damaged patients were significantly 
minimized or denied.” 

Patients with left hemisphere dam- 
age have been associated with cata- 
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strophic reactions: outbursts of anxie- 
ty and despair in the face of demon- 
strated failures.** Intense, often ex- 
cessive reaction to shortcomings— 
whether perceived behavioral flaws or 
cognitive impairments—seems a spe- 
cific hallmark of left hemisphere 
involvement.” 

Thus, the lateralized patterns of 
reaction to behavioral consequences of 
a temporal focus are consistent with 
prior demonstrations of emotional 
differences between patients with 
right and left hemisphere lesions. 
Several explanations have been pro- 
posed for these differences, including 
the intactness of metaphorical 
speech,“ opposing mood biases ex- 
erted by each hemisphere**** and a 
dominant role of the right hemisphere 
in emotionality." ° 

However, in assessing hemispheric 
roles in affective distortion, an addi- 
tional factor may be considered. Clin- 
ical interrogations and questionnaire 
completion involve verbal reports 
from the patient. Conscious self- 
awareness has been equated with the 
potential for verbal expression,™:* an 
activity usually confined to the left 
hemisphere in adult man.*** An 
intact left hemisphere may receive no 
report of associations established in 
the right hemisphere if there has been 
intrahemispheric damage (anosogno- 
sia following right hemisphere inju- 
ry)“ disconnection (sense of well- 
being after commissurotomy” or le- 
sion of the genu of the corpus callo- 
sum”), or if new limbic associations are 
established exclusively and nonverb- 
ally within the right hemisphere 
(right temporal epileptic focus). The 
denial of physical or emotional defi- 
cits in patients with right hemisphere 
lesions may then reflect a confabula- 
tory response of the left hemisphere 
in the absence of reports—sensory or 
affective-from right hemisphere 
structures. There is, in fact, consid- 
erable evidence of confabulation by 
the isolated left hemisphere among 
patients with split forebrain commis- 
sures.” 

By contrast, cognitive deficits in 
left hemisphere functions (calcula- 
tions and language) or verbal emo- 
tional associations established within 
the hemisphere will be readily appar- 


466 Arch Neurol—Vol 34, Aug 1977 


ent to “conscious verbal” injury. In 
the case of emotional tendencies, the 
immediacy of verbally expressible 
affect may lead the left temporal 
epileptic to exaggerate the behavioral 
severity of his emotions. He may be 
“hyperconscious” of such feelings. 


Norman Geschwind, MD, supplied advice and 
encouragement in these studies. Edith Kaplan, 
PhD, and Kenneth Reich, Aphasia Research 
Unit, Boston Veteran’s Hospital, Boston, were 
involved in the original planning of the temporal 
lobe behavior inventory. Several physicians 
cooperated in allowing us to study patients under 
their care. These include Lydia Pauli, MD, and 
Samuel Livingston, MD, Livingston Epilepsy 
Center, Baltimore; Ernest Rodin, MD, Epilepsy 
Center of Michigan, Detroit; John Van Buren, 
MD, and King Engel, MD, National Institute of 
Neurological and Communicative Disorders and 
Stroke. John Bartko, PhD, and David Van Sant of 
the National Institutes of Health supplied statis- 
tical and computational assistance. 

The Psychological Corporation permitted us to 
incorporate items modified from the Lie Scale of 
the Minnesota Multiphasic Personality Inventory 
(MMPI). 
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Blood-to-Cerebrospinal Fluid Barrier 


For Cyclic Adenosine Monophosphate in Man 


Benjamin Rix Brooks, MD; W. King Engel, MD; Jonas Sode, MD 


è A definite blood to lumbar CSF barrier 
for cyclic adenosine monophosphate 
(CAMP) exists in man under physiologic 
conditions. Lumbar CSF cAMP level 
remained unchanged, while the CSF 
glucose level rose significantly after a 
glucagon hydrochloride infusion that 
caused a 40-fold increase in the plasma 
cAMP level. 

(Arch Neurol 34:468-469, 1977) 


yclic nucleotides are measurable 

in human CSF.'* Ischemic dam- 

age, migraine, and seizures result in a 
significant rise in the CSF cyclic 
adenosine monophosphate (cAMP) 
concentration.*+® The observed in- 
crease may reflect alterations of CNS 
tissues or merely the acute rise in 
plasma cAMP level that also occurs in 
patients with these disorders. Because 
mammalian CNS tissues contain large 
amounts of cAMP and cyclic guano- 
sine monophosphate (cGMP) as well as 
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the enzymes for their synthesis and 
degradation,“ measurements of cy- 
clic nucleotides in the CSF would 
provide information concerning cer- 
tain intracellular events in CNS 
tissues only in the presence of an 
effective blood-to-CSF barrier for 
these cyclic nucleotides.'’’'' To deter- 
mine whether such a barrier is present 
in man, we have measured CSF cAMP 
in 14 patients after significantly 
elevating the endogenous plasma 
cAMP level by means of glucagon 
hydrochloride infusion.” 


PATIENTS AND METHODS 


Patients with amyotrophic lateral sclero- 
sis,’ motor neuropathies,’ morphologically 
nonspecific myopathy,’ and vacuolar myop- 
athy' gave informed consent after the 
nature of the procedures had been fully 
explained to them. They remained at 
complete bed rest after an overnight fast 
prior to intravenous infusion of 0.45% 
saline, containing 20 mEq/liter KCl at 75 
ml/hr. Lumbar punctures were performed 
in the lateral decubitus position with a 20- 
gauge needle that remained in position for 
180 minutes.'* Simultaneous blood and CSF 
samples were obtained immediately prior 
to and after the start of an infusion of 
glucagon hydrochloride at 100 ng/kg/min 
for 30 minutes. Blood samples (10 ml) were 
collected in edetic acid (18 mg/ml final 


concentration), cooled to 0 C, and centri- 
fuged immediately. The CSF samples (12 
to 15) were divided into 1-ml aliquots, 
frozen immediately in dry ice, and stored 
for two to three weeks prior to assay. 
Plasma samples that had been similarly 
frozen were thawed prior to assay, and 
ultrafiltrates were prepared with an ultra- 
centrifuge cone. Ultrafiltrates were as- 
sayed immediately or refrozen for assay on 
the subsequent day at dilutions beginning 
at 1:10. The CSF was thawed just prior to 
assay. Samples (1 ml) of CSF for eGMP 
assay were concentrated by evaporation 
for one to two hours and taken up in 0.5 ml 
of 0.05M sodium acetate buffer at pH 6.2 
just prior to assay. Samples of CSF for 
cAMP were diluted directly into the buffer 
at a final dilution of 1:5 prior to assay in 
duplicate. Cyclic adenosine monophosphate 
and cGMP levels were measured by 
radioimmunoassay.'"* Standard samples 
prepared in artificial CSF (Elliott’s B solu- 
tion) were identical to those prepared in 
assay buffer (Schwarz-Mann). The glucose 
level was measured by the glucose oxidase 
method." 


RESULTS 


Intravenous infusion of glucagon 
for 30 minutes produced a 40-fold 
(mean) rise in the plasma cAMP 
concentration, maximal at conclusion 
of the infusion, that then declined 
exponentially over the ensuing 120 


Plasma and Cerebrospinal Fluid Metabolite Levels After Glucagon Infusion 


Metabolite Levels 
(N = 14) 
Plasma cyclic adenosine 
monophosphate, 
pmole/ml 


Plasma cyclic guanosine 
monophosphate, 
pmole/ml 


Cerebrospinal fluid cyclic 
adenosine monophos- 
phate, pmole/ml 


Cerebrospinal fluid cyclic 
guanosine monophos- 
phate, pmole/ml 

Plasma glucose, mg/100 
ml 

Cerebrospinal fluid glu- 


cose, mg/100 ml 60.0 + 1.0 


*P at least less than .05, paired two-tailed t test. 
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Time After Start of Intravenous Glucagon Infusion, min (Mean + SEM) 


65.0* 158.0 


28.0* 


71.0+ 14.0* 420+ 7.0* 27.0 + 6.0* 


+ 5.0* 77.0 + 3.0* 





+ 1.0* 65.0 + 1.0* 
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(minutes) 


Plasma and CSF cyclic nucleotide and glucose concentrations (+SEM) before 
and after glucagon infusion at 100 ng/kg/min for 30 minutes. cAMP indicates 
cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate. 


minutes (Figure). During this period 
no significant change in plasma cGMP 
concentration occurred. Lumbar CSF 
cAMP and cGMP concentrations were 
not altered over the entire period of 
observation (Table). In contrast, the 
plasma glucose level rose approxi- 
mately twofold (mean) and declined to 
slightly below preinfusion concentra- 
tions at 120 and 150 minutes after the 
start of the infusion (P < .05, paired 
two-tailed ¢ test). Lumbar CSF glu- 
cose level began to rise 60 minutes 
after the beginning of the infusion 
and was significantly higher than 
baseline by 120 minutes after the 
start of the infusion (P < .02, paired 
two-tailed ¢ test). 


COMMENT 
These results indicate the presence 
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of a virtually complete blood-to- 
lumbar-CSF barrier for cAMP in man 
under physiologic conditions. Trans- 
fer of glucose into the lumbar CSF 
occurred during the period of observa- 
tion; therefore, lack of cAMP transfer 
into the CSF was not due simply to a 
truncated sampling period if a facili- 
tated transport mechanism were oper- 
ational.'*'* Our data suggests that, in 
man, no facilitated transport system 
into the lumbar CSF exists for cAMP. 
Similar results have been obtained in 
the rabbit." 

Our finding that the lumbar CSF 
concentration of cAMP was not acute- 
ly altered by a systemic pharmaco- 
logic manipulation that markedly in- 
creased the plasma cAMP concentra- 
tion indicates that measurement of 
cAMP in human lumbar CSF appears 


to reflect specific changes in CNS 
concentrations of this nucleotide.’ 
Therefore, in humans with intact 
blood-brain barriers, measurement of 
the cAMP concentration in CSF can 
be used as a probable reflection of the 
effects of systemically administered 
pharmacologic agents on CNS cAMP 
metabolism. 
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The Clinical Link Between 
Migraine and Cluster Headaches 


Jose L. Medina, MD, Seymour Diamond, MD 


èe We describe seven patients with 
vascular headaches. Five of them had 
cluster headaches, which were preceded 
by migrainous scotomata (two patients), 
weakness contralateral to the pain (one), 
accompanied by ipsilateral photopsias 
(one), or by contralateral paresthesias 
(one). The other two patients had “clus- 
ters” of daily common migraine head- 
aches separated by long free intervals. 
The symptoms of these patients suggest a 
common root for cluster and migraine 
headaches. 

(Arch Neurol 34:470-472, 1977) 


Wi authors believe that both 
cluster and migraine head- 
aches are vascular in origin, but they 
still do not agree whether to consider 
cluster headaches a variant of mi- 
graine’® or a completely different 
disorder.*-* The authors who link these 
disorders emphasize their similarities 
and those who separate them stress 
the differences. 
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We wish to strengthen the relation- 
ship between migraine and cluster 
headaches by describing some pa- 
tients whose headaches present fea- 
tures common to both cephalalgias. 
We believe that these patients repre- 
sent a clinical link between the disor- 
ders and strongly suggest that cluster 
and migraine headaches are part of 
the spectrum of the same entity. 


REPORT OF CASES 
Cluster Headaches 
With Contralateral Scotomata 


Transient visual symptoms in the 
form of hemianoptic, quadrantic, or 
other scotomata preceding headache 
have been considered to be pathogno- 
monic of classical migraine with rare 
exceptions." Sutherland and Eadie" 
described a patient who on one occa- 
sion had visual scintillations prior to a 
cluster headache, and Duvoisin et al" 
reported a patient with cluster head- 
aches who had prodromic scotomata. 


Case 1.—A 26-year-old man had had 
excruciating headaches since July 1975. 
They were consistently located over the 
left periorbital area, with some spreading 
to left parietooccipital region and seldom 
to the right forehead. The pain was usually 
intolerable and pounding, with a duration 
of about 30 to 60 minutes and accompanied 
by lacrimation of the left eye, nasal conges- 
tion, and blurriness of vision. The headache 


was almost always preceded by small lights 
floating on the right side of his vision that 
lasted for about five minutes. Since the 
onset of the headache, he has had three 
attacks per week, which occurred during 
day or night. There was no family history 
of migraine; and findings from physical 
examination, skull x-ray film, EEG, and 
nuclide brain scan were normal. 


Case 2.—A 57-year-old man had the onset 
of his headaches in 1966. They were 
unilateral, starting in the right eye and 
radiating to the ipsilateral temple. The 
pain was dull, lasted for about one hour, 
and was almost always preceded by an aura 
of bright yellow zig-zag lines that started 
in the left visual field and moved slowly 
toward the right side until his entire vision 
became blurry. The scotomata remained 
between 30 and 45 minutes and were 
usually accompanied by a sluggish feeling. 
The attacks were diurnal and occurred one 
to three times per day for six weeks. 
Thereafter, the headaches recurred with 
similar characteristics every three months 
for four to five weeks. The attacks disap- 
peared in 1968, but recurred in October 
1974. Between the periods of cluster head- 
aches, he had bilateral frontotemporal 
throbbing headaches of eight to 12 hours’ 
duration. These headaches occurred about 
once each month and were consistently 
preceded by an aura, identical to the one 
previously described. There was no family 
history of migraine. Findings from the 
general examination were unremarkable. 
Electroencephalogram, skull x-ray film, 
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nuclide brain scan, and results of routine 
laboratory tests were normal. 


Ipsilateral Visual Scotomata or 
Contralateral Sensory and Motor 
Symptoms in Cluster Headaches 


The presence of contralateral senso- 
ry and motor symptoms preceding or 
accompanying migraine is a common 
finding’ that has been attributed to 
constriction of intracerebral ar- 
teries. Contralateral focal symp- 
toms, as well as ipsilateral visual 
disturbances, might be expected with 
cluster headaches because of the 
presence of vasoconstriction of the 
internal carotid artery in some pa- 
tients during cluster headaches." Con- 
tralateral paresthesias, to our knowl- 
edge, have only been described in two 
patients and motor symptoms have 
only been observed by Sutherland and 
Eadie" and Sjaastad et al, in two 
patients who had twitching of the 
extremities contralateral to their 
headaches. However, ipsilateral blur- 
ring of vision in cluster headache is 
common and it has been discounted as 
due to the tearing that accompanies 
the headache; however, dimness with- 
out lacrimation has been observed by 
Lance and Anthony." 


CASE 3.—A 43-year-old man had head- 
aches that usually started with a feeling of 
blood rushing to the right eye quickly 
followed by severe pain. The headache 
usually lasted 20 minutes to two hours and, 
if excruciating, was accompanied by scoto- 
mata of flashing lights in the right eye, 
nausea, and vomiting. Diurnal or nocturnal 
attacks have occurred about twice each day 
for four to eight weeks every year since 
1969. Personal and family history were 
noncontributory. Findings from general 
examination, EEG, skull x-ray film, and 
nuclide brain scan were unremarkable. 


CASE 4.—A 44-year-old man had severe 
headaches since 1971. They occurred three 
times per week for about two months every 
year and were always located around the 
left eye. The headaches lasted for 20 to 45 
minutes and were usually accompanied by 
nasal congestion and lacrimation on the 
left. As a rule, when the headaches reached 
peak intensity, the patient would notice 
paresthesias of the right hand and foot 
that would last for about three minutes. No 
family history of migraine was found. 
Findings from general examination and 
routine laboratory tests, skull x-ray film, 
and nuclide brain scan showed no abnor- 
malities. 
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Case 5.—A 34-year-old woman had had 
severe throbbing headaches since she was 
10 years old. The pain was localized around 
the left eye and spread to left temple, 
cheek, ear, and occipital region. The 
attacks were usually accompanied by ipsi- 
lateral lacrimation, nasal obstruction, nau- 
sea, and, occasionally, vomiting. The dura- 
tion of the attacks ranged from one to two 
hours and occurred two to four times a day 
for about ten weeks. The cluster periods 
were separated by ten- to 12-month inter- 
vals free of headaches. In October 1975, she 
had another group of headaches and 
received treatment with triamcinolone and 
ergotamine tartrate. Because of the inten- 
sity and frequency of her headaches she 
took about 140 mg of ergotamine tartrate 
in two weeks, but, realizing that this was 
excessive, stopped it. Twenty-four hours 
later she suddenly was unable to write or to 
use her right arm, and her entire right side 
felt numb. These symptoms lasted for 
about 45 minutes and were followed by a 
severe left-sided cluster headache identical 
to the ones previously described. She was 
hospitalized and on admission findings 
from the examination were normal. Re- 
sults of total and differential WBC counts, 
hematocrit reading, platelet count, and 
antinuclear antibody tests, sedimentation 
rate, CSF pressure, glucose level, and 
protein level were unremarkable. Skull 
x-ray film, EEG, brain scan, and computer- 
ized axial tomography with enhancement 
were normal. She was treated with steroids 
and analgesics, but no ergotamines were 
prescribed. During her seven days of hospi- 
talization she had four similar episodes. 
They began with sudden onset of right 
hemiplegia and hemihypesthesia and were 
followed by left-sided headaches 60 to 90 
minutes later. These headaches lasted only 
one to two hours, but the hemiplegia and 
sensory loss tapered off in 12 to 24 hours. 
Some faint residual numbness and weak- 
ness of the right side persisted for about 
one month. She has continued to experi- 
ence cluster headaches, but they have not 
been associated with focal neurological 
symptoms. 


Cluster of 
Common Migraine Headaches 


Cluster headache characteristically 
occurs in groups for several weeks 
followed by long free periods. How- 
ever, this pattern only occurs in 93% of 
the patients with cluster headaches,’ 
and it is not pathognomonic for them. 
Sacks" described a 55-year-old patient 
who had five or six weeks of bouts of 
common migraine headaches every 
year. 


Case 6.—A 50-year-old woman had had 
headaches since 1968. They were of great 
severity, throbbing, localized on either side 
of the head, and associated with nausea, 
vomiting, blurred vision, photophobia, 
phonophobia, and numbness in the extrem- 
ities contralateral to the headache. The 
duration varied between one and three 
days and after short pain-free intervals of 
six to 24 hours the headache recurred with 
identical characteristics. This pattern of 
repeated headaches continued for about 
three weeks and was then followed by a 
period of two months completely free of 
headaches. Thereafter, periods of three 
weeks of repeated headaches alternating 
with two months of freedom had been a 
persistent pattern. During the cluster of 
headaches, she was depressed and had 
insomnia. In addition, she noticed that 
mood change usually preceded the onset of 
headaches by two to three days and that 
during the free period she felt well but not 
elated. Findings from physical examina- 
tion and routine laboratory tests, skull 
x-ray films, and nuclide brain sean were 
unremarkable. 

CasE 7.—A 21-year-old woman had had 
headaches for the past ten years. They 
were described as bilateral, throbbing with 
greatest intensity in forehead or temple on 
either side, and commonly associated with 
nausea, vomiting, poor concentration, pho- 
tophobia, and phonophobia. The duration 
of the headaches varied between ten and 14 
hours, and although most started during 
the day, some awakened her at night. They 
occurred daily for two or three months and 
were followed by a period of several 
months of complete freedom. There was a 
tendency for these clusters to occur twice 
each year: once during the spring and 
again at the end of the summer, although 
variations in this pattern were common. 
Allergic testing and desensitization treat- 
ment had been done, but did not give relief. 
There was a family history of migraine. 
Findings from neurological examination 
and routine laboratory tests, and skull and 
sinus x-ray films were normal. 


COMMENT 


We have reported seven cases with 
clinical features common to both 
migraine and cluster headaches. Pa- 
tients 1 through 5 had headaches with 
all of the characteristics of cluster 
headaches, but with additional mig- 
rainous symptoms. Patients 6 and 7 
had migraine headaches occurring in 
groups like cluster headaches. The 
migrainous symptoms noted in cluster 
headaches included (1) prodromata of 
visual scotoma (cases 1 and 2) or hemi- 
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plegia and language disturbances 
(case 5); and (2) symptoms accompa- 
nying the headache, such as ipsilateral 
photopsias (case 3) or contralateral 
paresthesia (case 4). An interesting 
observation was the coexistence of 
migraine and cluster headache in the 
same patient (case 2) and the fact that 
both types of headaches began with 
identical visual auras. In all of our 
patients the migrainous symptoms 
occurred whether or not they took 
ergotamine. In patient 5, it could be 
argued that excessive intake of ergo- 
tamine played an important role in 
the production of focal neurological 
symptoms. The initial episode of 
“complicated cluster headache” oc- 
curred 24 hours after the patient 
discontinued ergotamine tartrate, and 
hemiplegic attacks persisted during 
the next week. 

Our cases are selected and therefore 
have little significance statistically. 
Nevertheless, they point to a common 
root for both cluster and migraine 
headaches. This statement is appar- 
ently in disagreement with certain 
pathophysiological and biochemical 
data that have been presented by 
Ekbom'* as significant supporting 
evidence for the differentiation of 
cluster and migraine headaches as 
distinct entities. Horven et al'’ did 
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dynamic tonometry during headaches 
and demonstrated that, in contrast to 
migraine, there was increase in the 
intraocular pressure synchronous with 
the pulse in cluster headache. They 
believed that this effect was caused by 
pulsatile changes in the intraocular 


volume due to vasodilation of the chor- ; 


oidal vessels. This finding correlated 
well with the dilation of the ophthal- 
mic artery noted in the angiograms of 
patients during cluster headaches." 
Thermography has shown the pre- 
sence of hypothermic islands in the 
periorbital skin in 85% of patients 
with cluster headaches, but in only 2% 
of migrainous patients.” These hypo- 
thermic spots are frequently located 
in areas of the skin supplied by 
branches of the internal carotid 
arteries. Obviously, these pathophy- 
siological studies do not provide an 
etiologic differentiation and only 
show that, during the headache phase, 
migraine involves mainly the external 
carotid circulation, and cluster head- 
aches, the internal carotid distribu- 
tion. Certain biochemical changes 
have been claimed to be specific for 
each of these headaches. Platelet sero- 
tonin level was found to be reduced 
during the pain phase of migraine and 
histamine level was found to be 
increased during cluster headache.” 
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However, Wilkinson” and Ziegler et 
al” did not find any consistent change 
in serotonin level during migraine. 
Furthermore, Anthony and Lance” 
showed a notable elevation of hista- 
mine level during migraine head- 
aches, but not so pronounced as in 
cluster headaches. The difference in 
the level elevation of these vasoactive 
substances may represent different 
degrees of the same phenomenon 
occurring in both headaches. There- 
fore, pathophysiological and biochem- 
ical changes have not conclusively 
established a difference between clus- 
ter and migraine headaches, and clin- 
ical symptoms provide the basis for 
classifying these headaches. However, 
this is not always simple, since mani- 
festations that have been considered 
almost pathognomonic for migraine 
have also occurred with cluster head- 
aches, and the characteristic grouping 
of headaches in clusters occurs with 
migraine. 
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Neuropathy Presenting as 


Prolonged Dyspnea 


Case Report and Review of Literature 


Elisabeth J. Schmalstieg, MD; Bruce H. Peters, MD; Sydney S. Schochet, MD; Steven R. Findlay, MD 


è Polyneuropathy presented as isolated 
respiratory muscular paralysis. Trans- 
diaphragmatic pressure measurements, 
nerve conduction studies, electromyogra- 
phy, and biopsy of intercostal muscle 
confirmed the nature of the process. 
Patients with unexplained respiratory in- 
sufficiency must be carefully evaluated for 
underlying neuromuscular disease. 

(Arch Neurol 34:473-476, 1977) 


Sn the decline in the incidence of 
poliomyelitis, little has appeared 
in the neurological literature regard- 
ing neuromuscular causes of respira- 
tory failure other than myasthenia 
gravis. Severe generalized polyneu- 
ropathies, amyotrophic lateral sclero- 
sis, muscular dystrophy, and certain 
other myopathies may have respira- 
tory insufficiency as a late complica- 
tion accompanying severe limb weak- 
ness, but only rarely as an isolated 
presenting symptom. We have ob- 
served a young woman with diaphrag- 
matic weakness and reduced respira- 
tory tidal volumes who had dyspnea 
for seven weeks prior to the onset of 
any other identifiable weakness. This 
case emphasizes that neuromuscular 
disease must be considered in patients 
with hypoventilation, even in the 
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absence of other signs of such 
disease. 


REPORT OF A CASE 


A 20-year-old woman had an uncompli- 
cated pregnancy until six weeks prior to 
parturition. She had no past history of 
serious medical illness, exposure to toxins, 
nor of immunizations since a full course of 
diphtheria-pertussis-tetanus vaccine in 
childhood. During the eighth month of 
pregnancy, exudative tonsillitis was diag- 
nosed and resolved with oral penicillin G 
potassium treatment. However, during the 
following two weeks, pretibial edema and 
then exertional dyspnea developed. Bron- 
chodilators were prescribed when the 
symptoms progressed to include three- 
pillow orthopnea, labored breathing, and 
nonexertional dyspnea. During the last 
week of pregnancy, the patient slept 
upright to relieve the dyspnea. She 
complained of leg cramps but had no limb 
weakness. 

Somnolence and episodic apnea were 
noted during labor. Within a few hours 
after the delivery of a healthy term infant, 
the patient required intubation and venti- 
latory assistance. Cardiopulmonary arrest 
followed attempted extubation on the first 
postpartum day. Resuscitation was suc- 
cessful, and the patient rapidly regained 
consciousness, but required continuous res- 
piratory assistance and supplemental ox- 
ygen. 

One week postpartum and four weeks 
following the onset of dyspnea, the young 
woman was transferred to the medical 
intensive care unit of the University of 
Texas Medical Branch Hospitals. Although 
she required continuous mechanical assis- 
tance of respiration, the patient was 
mentally clear and cooperative. Her rectal 
temperature was 38.3 C, blood pressure was 


146/102 mm Hg, and pulse rate was 100 
beats per minute. Results from the general 
physical examination were normal except 
for decreased breath sounds and a boggy, 
enlarged uterus characteristic of endomet- 
ritis. Hyperpnea and apprehension rapidly 
resulted when ventilatory support was 
suspended briefly. She could voluntarily 
vary the rate, but not the volume, of her 
respirations. There were active contrac- 
tions of the accessory muscles of respira- 
tion but no movement of the diaphrag- 
matic nor intercostal muscles. The patient 
moved all limbs vigorously, with no prox- 
imal nor distal weakness. Cranial nerve 
function was normal. The muscle stretch 
reflexes were symmetrically hyperactive 
with a brisk jaw jerk, bilateral Hoffman’s 
signs, and equivocal plantar responses. 
Laboratory studies revealed normal val- 
ues for the following: complete blood cell 
count (CBC); urinalysis; serum electrolytes; 
blood glucose; BUN: serum creatinine; 
calcium; magnesium; SGOT: SGPT; crea- 
tine phosphokinase; antinuclear antibody; 
rheumatoid arthritis factor; sickle-cell 
preparation; supravital lupus erythema- 
tosus preparation, and urinary tests for 
heavy metals, lead, and porphyrins. The 
erythrocyte sedimentation rate (Wintrobe) 
was 50 mm/hr at a time when there was no 
obvious infection. Serum protein levels 
were normal except for a low albumin 
value of 2.2 gm/100 ml. Examination of the 
CSF showed no leukocytes, a glucose value 
of 54 mg/100 ml, and total protein value of 
41 mg/100 ml. Cerebrospinal fluid IgG 
level was elevated, 9.2 mg/100 ml, and the 
ratio of IgG to total CSF protein was 
elevated, 21%. The IgA and IgM levels 
were both less than 0.5 mg/100 ml. Roent- 
genograms of the skull and cervical spine 
were normal, while those of the chest 
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ment and pulmonary vessel prominence. 
An ECG was normal. 

A tracheostomy was performed and anti- 
biotics were administered with resolution 
of the fever, hypertension, and mild 
congestive heart failure. Although there 
was no improvement in the ventilatory 
volume, supplemental oxygen was no 
longer required. Therapy with 60 mg of 
prednisone daily was begun on the 15th 
hospital day. A week later, seven weeks 
after the onset of respiratory distress, 
proximal muscular weakness and then 
distal weakness developed and progressed 
rapidly. Muscle stretch reflexes dimin- 
ished, but sensory function remained 
normal. One month following admission, 
the patient died. An autopsy was per- 
formed. 


RESPIRATORY STUDIES 


While the patient was being sup- 
ported by a volume respirator with no 
supplemental oxygen, serial arterial 
blood gas determinations were nor- 
mal. When respiratory assistance was 
stopped briefly, the Pco, rose rapidly 
to 60 to 70 mm Hg, and the oxygen 
partial pressure declined moderately. 
Unassisted tidal volumes were 200 to 
300 cc and the forced vital capacity at 
no time exceeded 500 cc (12.5% of 
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predicted normal). 

Transdiaphragmatic pressure mea- 
surements were made with intra- 
esophageal and gastric balloons, as 
described by Newsom Davis and 
colleagues.’ These revealed an aver- 
age pleural pressure differential of 2 
to 4em H,O with a maximal change in 
pressure of 6 cm H,O (normal pressure 
differential is greater than 25 cm 
H.O). There was no change in these 
measurements following the intrave- 
nous administration of edrophonium 
chloride. Fluoroscopy of the respira- 
tory diaphragm confirmed its paraly- 
sis. 


ELECTROPHYSIOLOGIC 
STUDIES 


Electromyographic (EMG) studies 
were done on two occasions by means 
of standard electromyographic (EMG) 
techniques employing small con- 
centric needle electrodes with display 
on a single channel oscilloscope. On 
the ninth hospital day, a study was 
done of the muscles in the eighth 
intercostal space at the anterior axil- 
lary line and of the external oblique 
muscle just below the costal margin. 


Fig 2.—Intercostal muscle showing perivascular inflammatory cell 
infiltrate (trichrome, original magnification x 200). 


Fig 1.—Intercostal muscle showing small angular myofibers and 
two target fibers (trichrome, original magnification x 500). 





| 
F Fig 3.—Psoas muscle showing groups of small angular myofibers 
D (trichrome, original magnification X 500). 


Two pseudomyotonic runs were ob- 
served in the intercostal muscles that 
discharged rhythmically with end ex- 
piration. No fibrillations nor positive 
sharp waves were noted. The interfer- 
ence pattern was reduced. The motor 
unit potentials averaged 250 pv in 
amplitude with a duration of 2 msec. 
The external oblique muscle of the 
abdomen contracted with coughing; 
no abnormal resting potentials nor 
abnormal motor units were observed. 
The electrical activity from these 
muscles did not increase following 
intravenous edrophonium administra- 
tion. 

On the 23rd hospital day, following 
onset of limb weakness, an EMG was 
done of the muscles in the left seventh 
intercostal space, the left opponens 
pollicis, anterior tibialis, and deltoid 
muscles. Fibrillations were recorded 
from the deltoid and intercostal mus- 
cles. The motor unit potentials from 
the limb muscles were polyphasic, of 
normal (2 mV) amplitude, with pro- 
longed duration of up to 16 msec. 
Insertional activity was increased, 
and the interference patterns de- 
creased in all of these muscles. 
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Fig 4.—Phrenic nerve showing segmental demyelination (LFB- 


PASH, original magnification x 800). 


Phrenic nerve conduction was at- 
tempted, using percutaneous stimula- 
tion and surface recording electrodes. 
On neither the 12th nor the 28rd 
hospital day were the phrenic nerves 
excitable. Median and peroneal motor 
distal latencies (2.9 msec and 3.2 msec, 
respectively) and nerve conduction 
velocities (56.5 and 65 m/sec) were 
normal as was the median sensory 
action potential (2.3 msec). 


PATHOLOGICAL FINDINGS 


The initial biopsy specimens from 
an external intercostal and the right 
pectoralis major muscles both re- 
vealed neurogenic atrophy, character- 
ized by individual and groups of small, 
angular myofibers. In addition, the 
intercostal muscle contained a small 
number of target fibers (Fig 1) and a 
single small vessel that was sur- 
rounded by a perivascular inflamma- 
tory cell infiltrate (Fig 2). There was 
no perifascicular atrophy. Electron 
microscopy confirmed these changes 
but showed no abnormalities within 
the intramuscular nerve twigs. The 
subsequent biopsy specimen from the 
right deltoid muscle displayed neu- 
rogenic atrophy but no vasculitis. 

Multiple muscles were examined at 
the time of autopsy. Severe neurogen- 
ic atrophy was encountered in left and 
right intercostal muscles and in the 
left psoas muscle (Fig 3); moderate 
neurogenic atrophy was evident in the 
left and right deltoid muscles, the 
diaphragm, and left gluteal muscles. 
Only mild neurogenic atrophy was 
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Fig 5.—Sural nerve showing demyelinated or very thinly remyeli- 


nated axons (LFB-PASH, original magnification x 500). 


found in the left and right quadriceps 
femoris, and both anterior tibial 
muscles were nearly normal. Occa- 
sional target fibers but no perifascic- 
ular atrophy or interstitial inflamma- 
tion was evident in any of these 
muscle specimens. 

The phrenic nerves, and to a lesser 
extent, the femoral and sural nerves, 
displayed segmental foci in which the 
axons appeared to be demyelinated or 
invested only with abnormally thin 
myelin sheaths (Fig 4 and 5). These 
foci were free of lipid-laden macro- 
phages or other inflammatory cells, 
and the axons were intact. The 
accompanying blood vessels appeared 
normal and were free of perivascular 
inflammatory cells. All other periph- 
eral nerve specimens, including dorsal 
and ventral roots and autonomic 
ganglia, appeared normal. 

Scattered ischemic neurons were 
encountered in the cerebrum and cere- 
bellum. These were most numerous in 
the hippocampi and in the Purkinje 
cell layer of the cerebellum. No abnor- 
malities were observed in the pons, 
medulla, or spinal cord. The cranial 
and spinal meninges were free of 
inflammatory infiltrates and fibro- 
Sis. 

General autopsy findings included 
an infected right lower lobe infarction 
associated with pulmonary artery 
occlusion, multiple small antemorten 
pulmonary emboli, and diffuse Pseu- 
domonas aeruginosa bronchopneu- 
monia. Pseudomonas aeruginosa grew 
from postmortem blood cultures. 
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COMMENT 


This case is unusual in that the 
patient had symptoms of respiratory 
insufficiency and failure, due to respi- 
ratory muscular weakness, for two 
months before any other demonstra- 
ble neuromuscular abnormalities. 
Electrophysiologic and necropsy find- 
ings indicated that the weakness 
resulted from a disease process local- 
ized to peripheral nerves as evidenced 
by increased insertional activity and 
fibrillations in the intercostal muscles 
on EMG, neurogenic atrophy most 
marked in the intercostal and dia- 
phragmatic muscles, and foci of 
demyelination best demonstrated in 
the phrenic and sural nerves. 

For the first four weeks that the 
patient required the support of a 
volume respirator, her cranial nerve, 
cerebellar, sensory, and limb motor 
functions were clearly normal. Several 
examiners confirmed that the 
strength of her arm, leg, and girdle 
muscles, in fact, exceeded that of most 
normal people of the same age and 
sex. The hyperactive muscle stretch 
reflexes, bilateral Hoffman’s signs, 
brisk jaw jerk, and equivocal plantar ` 
responses, in the absence of other 
evidence of cord or brain stem 
dysfunction, are believed to have been 
due to the mild hypoxic encephalop- 
athy demonstrated at autopsy. 

Respiratory insufficiency due to 
bilateral diaphragmatic paralysis but 
not associated with generalized neuro- 
muscular dysfunction has been de- 
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scribed in a few patients. In two 
patients, paralysis of the diaphragm 
and arm weakness followed tetanus 
antitoxin injections.** Each of these 
patients was believed to have cervical 
radiculitis. Two other patients with 
isolated idiopathic bilateral diaphrag- 
matic paralysis have been described 
by McCredie et al’ and Spitzer et al.’ 
The case presented by Spitzer and 
colleagues! is of particular interest 
because, as in our case, the phrenic 
nerves could not be stimulated. 

Four cases of adult-onset general- 
ized peripheral neuromuscular disease 
in which the primary manifestation 
was respiratory insufficiency have 
been reported in the English litera- 
ture. However, each of these patients 
also demonstrated some evidence of 
neuromuscular disease on initial ex- 
amination. In two patients with my- 
opathy due to acid maltase deficiency, 
mild proximal muscular weakness was 
found*"; this was also the case in a 
patient with type II B fiber atrophy.’ 
One patient with a generalized poly- 
neuropathy demonstrated at necropsy 
had complained of dyspnea and leg 
weakness for two years prior to his 
death. Chest roentgenograms_ re- 
vealed the diaphragm to be elevated. 
Neurological examination just prior to 
his death demonstrated weakness in 
his intrinsic hand muscles and de- 
creased deep tendon reflexes. No 
sensory symptoms nor abnormalities 
were noted. Microscopic examination 
revealed demyelination in many 
nerves, most pronounced in the ven- 
tral spinal roots and phrenic nerves, 
and neurogenic atrophy of many 
muscles.’ 

The use of phrenic nerve conduction 
in the evaluation of patients with 
generalized neuropathy has been dis- 
cussed by Newsom Davis.* He de- 
scribed two groups of patients, those 
with unilateral isolated diaphragmat- 
ic paralysis and those with general- 
ized weakness including the dia- 
phragm. In the nine patients in the 
latter category, reductions of the 
phrenic and median conduction veloci- 
ties correlated well. In our patient, 
however, even late in the disease when 
there was diffuse muscular weakness 
and EMG evidence of denervation in 
limb muscles, the median nerve con- 
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duction velocity and distal latency 
were normal while the phrenic nerves 
could not be stimulated. This may 
reflect the very late involvement of 
the limb muscles in this patient’s 
disease. 

These cases point out the need for 
careful neurological evaluation in pa- 
tients with otherwise unexplained 
diaphragmatic paralysis or respira- 
tory insufficiency. Electromyography 
of the muscles of respiration can play 
a significant role in this evaluation. 
When done with small concentric 
needle electrodes as described by 
Taylor,” EMG of the intercostal mus- 
cles and the accessory muscles of 
respiration is a safe and relatively 
simple way to evaluate the function of 
these muscles. Stern et al'® have 
described the biopsy technique for 
intercostal muscles and have shown 
this to be a valuable diagnostic tool in 
the evaluation of peripheral neuro- 
muscular diseases. In our patient, the 
initial study of the external oblique 
and intercostal muscles demonstrated 
the nonspecific abnormalities of de- 
creased interference patterns and 
pseudomyotonia. Later, fibrillations 
and positive sharp waves were record- 
ed from the intercostal and limb 
muscles. These findings correlated 
well with the neurogenic atrophy 
observed in the intercostal muscle 
biopsy specimen as well as those spec- 
imens taken at necropsy. 

The evaluation of respiratory func- 
tion in patients with neuromuscular 
disease has been discussed by Mc- 
Credie et al’ and by Harrison et al. A 
common abnormality is a decreased 
tidal volume due to poor diaphrag- 
matic function; Newsom Davis and 
colleagues! recently described the 
measurement of transdiaphragmatic 
pressure as a sensitive indicator of 
diaphragmatic weakness in such pa- 
tients. This method is more sensitive 
than fluoroscopy of the chest as the 
intrapleural pressure changes pro- 
duced by diaphragmatic movement 
can be quantitated. The pressure 
differential of 2 to 4 em H,O found in 
our patient indicates virtually com- 
plete diaphragmatic paralysis. 

We were unable to determine the 
cause or even clearly define the 
pathogenesis of the diffuse neurogen- 





ic muscular atrophy observed in this 
patient. The small area of vasculitis on 
the initial muscle biopsy specimen 
suggested the possibility of an au- 
toimmune process and led to the corti- 
costeroid therapy. At necropsy, after 
two weeks of such treatment, no peri- 
fascicular atrophy suggestive of myo- 
sitis or further evidence of vasculitis 
could be found. Whether the initial 
inflammation was a focal process coin- 
cidental to the muscular atrophy or 
whether corticosteroid treatment sup- 
pressed a generalized vasculitis is 
unknown. Other causes of peripheral 
neuropathy such as hepatic porphyria, 
heavy metal intoxication, and diph- 
theria were excluded. 

Our case may represent an example 
of the Guillain-Barré syndrome, al- 
though it does not display all of the 
usual clinical or pathological features 
of the disorder. It is important for the 
clinician to remember that such poly- 
neuropathies as well as myopathies 
may present as respiratory dysfunc- 
tion. 


John E. Remmers, MD, performed the special 
respiratory studies. 
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Anterior Interosseous Nerve Syndromes 


Diagnostic Methods and Alternative Treatments 


Kenneth K. Nakano, MD, MPH, SM, FRCP(C); Conor Lundergan; Michael M. Okihiro, MD 


èe Electromyographic and nerve con- 
duction studies on 46 normal controls (12 
men and 34 women, aged 9 to 67 years) 
are compared with findings in seven 
patients (three men and four women, aged 
9 to 60 years) with the anterior interos- 
seous nerve (AIN) syndromes, including 
two patients with bilateral involvement 
(the first such reported cases, to our 
knowledge). 

Routine motor and sensory nerve con- 
duction studies of the radial, median, and 
ulnar nerves show no difference between 
controls and patients. In 46 normal 
controls (84 different AIN studies), the 
latency and duration of the evoked action 
potential from elbow to pronator quadra- 
tus was 5.1 msec + 0.9 (95% confidence 
interval) and 3.6 msec + 1.1 (95% confi- 
dence interval), respectively. 

Five of the seven patients had abnormal 
latencies from elbow to pronator quadra- 
tus while all showed prolonged duration 
of the action potential. Electromyographic 
abnormalities of the pronator quadratus, 
flexor pollicis longus, and flexor digi- 
torum profundi, as well as delayed motor 
latencies and prolonged duration of the 
evoked potential of the AIN from elbow to 
pronator quadratus provide sufficient in- 
formation to diagnose the AIN syn- 
drome. 

Surgical exploration may not be neces- 
sary unless there is evidence of a pene- 
trating injury, significant entrapment, or 
certain fractures. 

(Arch Neurol 34:477-480, 1977) 
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A interosseous nerve (AIN) 
syndromes are putatively rare 
median nerve lesions.'? However, re- 
cent reports indicate the AIN syn- 
dromes probably occur more common- 
ly than initially believed.’ 

As a motor branch of the median 
nerve in the forearm, the AIN 
supplies the flexor pollicis longus 
(FPL), flexor digitorum profundus of 
the index (FDP 1) and middle (FDP 2) 
fingers, and the pronator quadratus 
(PQ) muscles.** Muscle weakness of 
only the FPL, PQ, and usually the 
FDP 1 and 2, in the presence of 
normal sensation, defines an AIN 
syndrome. Weakness of the FPL and 
FDP 1 produces a characteristic pinch 
attitude of the hand (Fig 1). 

Electromyography assists in the 
diagnosis of the AIN syndrome.‘ 
However, few investigations provide 
nerve conduction (NC) measurements 
on stimulating the AIN and recording 
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from the PQ muscle. A major purpose 
of this report will be to provide AIN 
latency and duration parameters in 46 
normal people (84 AIN studies) and 
compare electrodiagnostic and clinical 
findings in seven patients with the 
AIN syndrome. Two of our AIN 
syndrome cases appear unique owing 
to the occurrence of bilateral AIN 
involvement separated in time of 
onset by several months in each case. 


PATIENTS AND METHODS 


Controls for the neurophysiologic studies 
were patients referred to a neurology 
department without symptoms or signs 
referable to the upper limbs, neck, periph- 
eral nerves or systemic disease (eg, 
diabetes, renal disease, ete). Forty-six 
patients were studied, 12 men and 34 
women; the mean age of these 46 patients 
being 40.2 years, with an average age 
range of 9 to 67 years. 

The patients with an AIN syndrome 
included four women and three men with 
an age range of 9 to 60 years. Clinical 
features of these seven patients are shown 
in the Table. 

An EMG system was utilized for record- 
ing potentials. A 26-gauge general purpose 
concentric needle electrode was utilized for 
intramuscular recording. Patients were 
tested in the supine position. Room and 
skin temperature was monitored such that 
abnormally low temperatures would not 
produce erroneous results. Stimulations 
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Fig 1.—Patient with characteristic weakness of flexor pollicis 
longus and flexor digitorum profundus of index finger, producing 
unique pinch attitude on attempted flexion of terminal digits. Note 
hyperextension of interphalangeal joint of thumb, inability to flex, 
and proximal approximation of thumb on index finger. 


Clinical Features of Seven Patients With th 


Pain at 


Sex/Age, yr Onset 





Exercise 
Spontaneous 


Supracondylar fracture 


Lifting object 
Pulling up stocking 





MEDIAN 


ANTERIOR 
INTEROSSEOUS NERVE 
NERVE 
FDP 1,2 
FPL 
PRONATOR 
QUADRATUS 


d 


Surgical Exploration 
Right side only 
Right side only 


Open reduction, 
explore anterior 
interosseous nerve 





\ 


Fig 2.—Anatomy of needle electrode placement into pronator 
quadratus muscle. Anterior interosseous nerve is motor branch of 
median nerve in forearm, supplying flexor pollicis longus (FPL), 
flexor digitorum profundus to index (FDP 1) and middle (FDP 2) 
fingers, and pronator quadratus muscles. 


e Anterior Interosseous Nerve Syndrome 


Comment 


Bilateral anterior interosseous nerve syndrome 
Bilateral anterior interosseous nerve syndrome 
Traction on anterior interosseous nerve 


Cervical spine disease also 


Flexor pollicis longus weakness only 


Slept on forearm 
Blunt trauma 





Chronic alcoholic 


Flexor pollicis longus, pronator quadratus, and 
flexor digitorum profundus (index finger) weak 
only 


were delivered percutaneously above the 
elbow on the ventromedial aspect of the 
arm in the region of the biceps brachii 
muscle and 10 cm below the level of the 
lateral epicondyle over the flexor superfi- 
cialis. The patient’s arm was stabilized on 
an arm board attached to the examination 
table. Recording needle electrodes were 
inserted into the PQ muscle (Fig 2). The 
threshold stimulus voltage was determined 
for all fibers lying beneath the stimulating 
electrodes, after which a supramaximal 
stimulus of at least twice threshold was 
delivered. 

The latency of response was defined as 
the time from stimulus artifact to the 
moment the evoked potential left the base- 
line (usually a negative deflection).*” An 
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initial positive deflection occurred sporadi- 
cally and, in these instances, the needle 
was moved to seek a negative deflection. 
However, some patients would not tolerate 
multiple needle placements, and, infre- 
quently, a satisfactory negative deflection 
could not be recorded (contraction of 
forearm flexor muscles possibly account- 
ing for volume conducted potentials). 

The duration of the action potential was 
measured from the first negative deflec- 
tion from the baseline to the isoelectric 
point of the negative spike. 

The distance from the cathode terminal 
of the stimulator to the recording electrode 
was determined by measuring tape. One 
experimenter performed all stimulation 
and distance measurement procedures So 


as to minimize variability. 

At least ten permanent records were 
obtained of each action potential. Indi- 
vidual values for latency and duration for 
stimulation at a given point represent the 
average of those ten potentials. Permanent 
records were made using direct print lina- 
graph photographic paper. 

In addition, patients with an AIN 
syndrome as well as all controls had motor 
and sensory nerve conduction studies of 
the median, ulnar, and radial nerves. Elec- 
tromyographic studies utilizing concentric 
needle electrodes were performed on the 
FPL, PQ, FDP 1 and 2, abductor pollicis 
brevis, opponens pollicis, first dorsal inter- 
osseous, triceps, biceps, and deltoid muscles 
bilaterally in each AIN patient and all 
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controls. Permanent recording was re- 
viewed by two electromyographers and 
stored on magnetic tape as well as photo- 


graphic paper. 


RESULTS 


Comparison of orthodromic motor 
and antidromic sensory conduction 
studies of the median, ulnar, and 
radial nerves showed no difference 
between the seven patients with AIN 
syndromes and the controls. Needle 
electromyography, on the other hand, 
demonstrated a reduced interference 
pattern and abnormal spontaneous 
activities  (fibrillations, positive 
waves) in the FPL and PQ muscles in 
the seven AIN patients, while controls 
showed normal motor unit potentials 
and no abnormal spontaneous activ- 
ity. Not all AIN patients showed 
fibrillations or positive waves in the 
FDP 1 and 2 muscles. Absence of 
fibrillations in the FDP 1 and 2 
muscles correlated with absence of 
weakness of these muscles. Another 
possibility existed (eg, technical diffi- 
culty in finding the FDP 1 and 2 
muscles by needle). 

Latency measurements of the 
evoked action potential produced by 
stimulating the median nerve at the 
elbow and below elbow sites for the 46 
controls (84 separate AIN studies) 
were 5.1 msec+0.9 and 3.6 
msec + 0.8 (95% confidence intervals), 
respectively. Duration of the normal 
action potential was 3.6 msec + 1.1 
(negative deflection only). 

Patients with the AIN syndrome all 
demonstrated a prolonged duration of 
the evoked action potential (greater 
than two standard deviations). In five 
of the seven patients, the latency from 
the elbow to the PQ was prolonged, 
while in two, it was normal. In four of 
the seven patients, the amplitude of 
the evoked potentials was consider- 
ably attenuated. 


REPORT OF CASES 


Case 1.—This patient had bilateral AIN 
syndrome, with separate times of onset for 
each side. She had surgery on the right side 
and conservative care of the left arm. 
After playing tennis, this 30-year-old 
woman experienced pain in her right 
elbow, with subsequent radiation to her 
forearm. Within three days, she had weak- 
ness in the FPL, FPD 1 and 2, and PQ 
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muscles. Electromyographic and NC stud- 
ies four and eight weeks later confirmed 
the right-sided AIN syndrome. Because 
she showed no improvement in eight 
weeks, she had surgical exploration of the 
AIN and median nerve from above the 
right antecubital fossa to the upper wrist. 
At operation, the surgeon found no fibrous 
band or Gantzer’s muscle. The patient 
remained stable postoperatively and three 
months later, swam in the ocean. Two days 
after this, pain developed in her left elbow 
followed by weakness in the distribution of 
the left AIN. Since reports of a bilateral 
AIN syndrome were unknown, she had a 
total myelogram from the lumbar area to 
clivus, CSF analysis, as well as extensive 
EMGs of her paraspinal and shoulder 
muscles to rule out the Turner-Parsonage 
syndrome, infectious neuritis, or brachial 
plexus neuropathy. All studies were nega- 
tive except for EMG-NC values showing a 
left-sided AIN syndrome. She had no treat- 
ment for the left-sided AIN syndrome. 
Seven months after the onset of the AIN 
syndrome on the unoperated side, she 
regained full function of her FPL, FDP 1 
and 2, and PQ muscles. It required ten 
months for the operated right side to 
regain function and an additional two 
months for full clinical recovery. Electro- 
myographic studies remained abnormal for 
six months after complete recovery while 
NC latency and duration studies returned 
to normal four to eight weeks after clinical 
recovery. 

Case 2.—Pain insidiously developed in 
the right elbow and forearm of a 27-year- 
old man, with subsequent weakness in the 
right FPL, FDP 1 and 2, and PQ muscles. 
Because he showed no improvement in four 
months, a cervical myelogram was per- 
formed. It showed no abnormality of the 
spinal cord or roots and examination of the 
CSF demonstrated normal cytology, pro- 
tein and sugar levels, serology, and protein 
electrophoresis. Electromyographic studies 
demonstrated frequent fibrillations and 
positive waves at rest in the PQ, FPL, and 
FDP 1 and 2 muscles, with reduction in the 
interference pattern. Seven months after 
onset of symptoms of the right-sided AIN 
syndrome, surgical exploration disclosed a 
“tight lacertur fibrosis” but without defi- 
nite entrapment of the AIN. Within eight 
to nine months after surgery (15 to 16 
months since onset of symptoms), there 
was complete recovery of the muscles 
supplied by the right AIN. Six months 
later, a left-sided AIN syndrome developed 
and an EMG showed fibrillations and a 
reduced interference pattern in the left 
PQ, FDP 1 and 2, and FPL muscles. Nerve 
conduction studies showed a prolonged 
latency and duration of the evoked action 


potential of the PQ on stimulating the left 
AIN. Conservative therapy appeared 
equally effective on the left side in terms 
of time of recovery as well as quality of the 
eventual function of the FPL, PQ, FDP 1 
and 2 muscles. 

Case 3.—This patient also required surgi- 
cal exploration of the median, ulnar, and 
AIN muscles subsequent to a supracon- 
dylar fracture of the right arm. The AIN 
appeared intact, and the fracture was 
pinned and the arm casted. It required over 
a year for functional return of this 
patient’s hand muscles supplied by the 
AIN. Traction on the AIN apparently 
accounted for this clinical picture. 

Case 4.—This patient in our series was 
atypical because he had an AIN syndrome 
superimposed on degenerative cervical 
spine disease, with spondylosis raising the 
possibility of a “double crush” situation." 
This 60-year-old man had characteristic 
right-sided AIN after lifting a heavy 
object. An EMG of the paracervical 
muscles showed long duration polyphasic 
motor units and a reduced interference 
pattern in bilateral lower cervical muscles, 
while EMG-NC studies of the limbs indi- 
cated a right AIN syndrome. Therapy was 
directed at both the cervical area (collar, 
medications, and physical therapy) and the 
right hand (physical therapy). Gradual 
improvement occurred in his right hand 
over a three-month period while his neck 
remained stable. 

The other patients were managed con- 
servatively and all recovered normal func- 
tion within 18 months (range, 6 weeks to 18 
months). 


COMMENT 


Various disorders can affect the 
AIN in the forearm; thus, weakness of 
the FPL, FDP 1 and 2, and PQ muscles 
indicates a syndrome rather than a 
specific cause. Often trauma, such as a 
laceration, penetrating injury, frac- 
ture, or contusion precipitates the 
AIN syndrome. On other occasions, 
exercise, lifting, or pressure on the 
forearm, either from sleeping on the 
arm or from a plaster cast, results in 
an AIN syndrome. Finally, cases occur 
without a definite preceding event 
and may be termed spontaneous. 

In the differential diagnosis of the 
AIN syndrome, the clinician and elec- 
tromyographer should consider the 
Turner-Parsonage syndrome,'' brach- 
ial plexus, neuropathy, tendon injury 
of the FPL, congenital absence of the 
FPL tendon,'* Gantzer’s muscle," 
rheumatoid arthritis, and cervical 
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spine disease. Clinical neurologic eval- 
uation, in addition to appropriate 
EMG-NC investigations, will distin- 
guish between the above mentioned 
entities and the AIN syndrome. 

Parsonage and Turner" described a 
shoulder-girdle syndrome (‘“neuro- 
logic amyotrophy”) in 1948. They 
observed patients with pain and 
flaccid paralysis of muscles around the 
shoulder girdle, and their clinical data 
suggested combination of peripheral 
nerve, spinal root, and possible spinal 
cord involvement. Of their 136 pa- 
tients, five had weakness of the FPL 
and FDP 1, in addition to shoulder 
girdle paresis. In comparison, patients 
with an AIN syndrome should lack 
spinal root signs, atrophy, or EMG 
findings in the upper arm and shoul- 
der areas. 

Other disorders affect the brachial 
plexus. Usually sudden and intense 
pain precedes weakness in the shoul- 
der and upper plexus distribution. 
Sensory loss occurs frequently and 
biopsies of nerve in two patients have 
shown axonal degeneration.'* Brachial 
plexus neuropathies will produce EMG 
changes in the distribution of the 
portion of the plexus involved. Fur- 
thermore, the clinical pattern of 
symptoms and neurologic findings 
will localize the process outside the 
supply of the AIN. 
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Spinner” reports on injuries of the 
FPL tendon and also mentions pa- 
tients with congenital absence of the 
FPL tendon. In these instances, the 
PQ and FDP 1 and 2 muscles test 
normally by clinical criteria as well as 
by electromyography. Rheumatoid 
tenosynovitis may produce a picture 
similar to the AIN syndrome and 
again, the clinical context and distri- 
bution of weakness as well as EMG- 
NC parameters will help distinguish 
the two processes. Operation has been 
beneficial in tendon injuries and in 
patients with rheumatoid arthritis. In 
our case material, a 15-year-old girl 
had an unusual variant of the AIN 
syndrome, having only the FPL mus- 
cle involved. EMG-NC studies helped 
differentiate between a FPL tendon 
tear and the AIN syndrome, thus 
obviating exploration. 

Gantzer’s muscle can be an acces- 
sory head of the FPL muscle and may 
entrap the AIN. In cases with a 
penetrating wound, lacerations, a def- 
inite entrapment (fibrous band, 
Gantzer’s muscle), or supracondylar 
and forearm fractures, surgical man- 
agement appears beneficial.’ 

Contrasting therapies have been 
advocated in spontaneous cases of an 
AIN syndrome. In both of our patients 
with bilateral syndromes, the opera- 
tion did not hasten return of function; 
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Lead Neuropathy in Adults and Children 


Robert G. Feldman, MD; Margaret K. Hayes, RN, MS: Robert Younes, MD; Franklin D. Aldrich, MD, PhD 


e All parts of the nervous systems can 
be affected, depending on the level and 
duration of exposure, by increased levels 
of lead. The occurrence of motor neuron 
disease, peripheral neuropathy, and en- 
cephalopathy are not mutually exclusive 
disorders for those individuals suffering 
from the toxic effects of lead. We present 
data that support the concept that 
increased absorption of lead produces 
changes in both central and peripheral 
nervous systems. Clinical and electrical 
evidence of subclinical involvement of 
peripheral nerves appears to be common 
to adults and children who are exposed to 
lead. These observations, accumulated 
from several possible sources of environ- 
mental hazard, also suggest that mea- 
surement of motor nerve conduction 
velocity may serve as an additional factor 
in the diagnosis of otherwise unrecog- 
nized toxic effects of lead. 

(Arch Neurol 34:481-488, 1977) 


he pathology of lead intoxication 

has been well reviewed by Goyer 
and Rhyne.' All parts of the nervous 
system may be affected, depending on 
the level and duration of exposure to 
increased levels of lead. In 1958, Preis- 
kal” concluded that lead causes paral- 
ysis by its action on nerve cells. 
Although Currier and Haerer* could 
not find a relationship between expo- 
sure to lead, mercury, or arsenic and 
the development of amyotrophic later- 
al sclerosis, Boothby et al’ reported a 
well-documented and convincing case 
history of a patient with lead intoxica- 
tion who had weakness and atrophy of 
the hands and suggested that “lead 
neuritis” is a form of motor neuron 
disease rather than a neuropathy. It is 
likely that lead produces changes both 
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in the central and peripheral nervous 
systems and, therefore, the occurrence 
of motor neuron disease, peripheral 
neuropathy, and/or encephalopathy 
are not mutually exclusive disorders 
for those individuals suffering the 
toxic effects of lead.*-’ Involvement 
of peripheral nerves appears to be 
common to adults and children. The 
case studies of victims of occupational 
exposure show manifestations of lead 
intoxication, including clinical as well 
as electrical evidence for neuropathy. 
That measurement of motor nerve 
conduction velocity (MNCV) may 
serve as an additional factor in the 
diagnosis of otherwise unrecognized 
toxic effects of lead is further 
suggested by the field studies of steel 
burners and of children in a housing 
project in which MNCV was employed 
as part of the screening program. 


PATIENTS AND METHODS 
Motor Conduction Velocity 
Determination: Peroneal Nerve 


Motor nerve conduction velocity was 
determined in these studies by a method 
previously described.* Control values re- 
ferred to in this report include the mean 
peroneal MNCV documented’ in 22 chil- 
dren aged 19 months through 10 years, 
(52.78 m/sec + 5.15 [SD]). A second control 
group of 25 men, ranging in age from 27 
through 50 years, was added for compar- 
ison with the adult victims of lead exposure 
(54.09 m/sec + 5.96 [SD]). None of the 
control subjects had a history of alcoholism, 
malnutrition, or possible exposure to neu- 
rotoxins, particularly lead. 


Lead Determinations 


Samples of blood obtained by fingerstick 
in children were analyzed for lead content 
by the Delves technique’: larger samples 
obtained by venapuncture were studied by 
the modified Delves cup atomic absorption 
method.” Urine lead level was determined 
by atomic absorption spectrophotometry."' 
Lead concentrations greater than 130 ug / 
liter of urine per 24-hour collection and 
greater than 80 ug/100 gm of blood are 
considered indicative of lead intoxication 
in adults. Postchelation urinary lead con- 
centrations of greater than 500 pg /liter/24 
hr are consistent with increased body 
burden of lead.” 


Hematological Studies 


Hemoglobin level and hematocrit read- 
ing were determined by standard clinical 
laboratory methods. Protoporphyrin con- 
tent of whole blood was analyzed by a 
microscale photofluormetric method.” 
Free erythrocyte protoporphyrin (FEP) 
level was calculated by dividing the proto- 
porphyrin content by the hematocrit 
reading, multiplying the quotient by 100, 
and expressing the level as micrograms per 
100 milliliters of RBCs. The normal level 
for FEP established at 46.9 »g/100 ml of 
RBCs + 14.9 in adult male subjects by 
Piomelli™ was used as the control value in 
this study. 


REPORT OF CASES 
Neuropathy and 
Mild Encephalopathy 


Case 1.—A 34-year-old man worked on a 
demolition crew for 14 years cutting lead- 
painted steel with an acetylene torch. For 
five years, he had complained of recurrent 
abdominal cramps and constipation, fre- 
quent headaches, light-headedness, and 
dizziness. Memory difficulties and lethargy 
caused him to see a physician. Examination 
showed poor attention span. Severe weak- 
ness of extension of both wrists was pres- 
ent. Muscle stretch reflexes were reduced 
in arms and legs and absent at ankles. 
Sensations to pinprick, vibration, and posi- 
tion were intact. Motor nerve conduction 
studies disclosed a velocity of 39.5 m/sec in 
the left median nerve and 42 m/sec in the 
right median nerve. The velocity in the 
right peroneal nerve was 40 m/sec and in 
the right radial nerve, 41 m/sec. 

Excluded were diagnoses of anemia, 
alcoholism, diabetes mellitus, and renal 
disease. At a time when blood lead level 
was 80 ug/100 gm of whole blood, a 24-hour 
urine collection contained 280 ug/liter of 
lead. After intravenous infusion of 25 mg/ 
kg of edetate disodium calcium, the 24-hour 
urine lead level rose to 3,900 ug/liter. The 
second day of the chelation therapy 
resulted in an excretion of 1,850 ug/liter of 
lead. 

The patient no longer had light-headed- 
ness, and he regained strength in his 
wrists. Peroneal conduction velocity was 46 
m/sec one year after chelation and no 
further exposure to lead fumes. 


Neuropathy 


CasE 2.—Anorexia, nausea, and abdom- 
inal cramps developed in a 55-year-old 
man. His job involved cutting lead-painted 
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steel bridge supports with an acetylene 
torch. His whole blood lead level was 180 
ug/100 gm. Two separate baseline 24-hour 
urine collections contained 343 pg/liter and 
524 g/liter of lead. The hematocrit value 
was 31.0%, and basophilic stippling of the 
RBCs was described. He was not diabetic 
nor was he an alcoholic. Findings of the 
neurological examination showed no evi- 
dence of disturbed mentation. Knee and 
ankle reflexes were absent. Motor conduc- 
tion velocity in the right peroneal nerve 
was slow (38 m/sec). Findings of the 
sensory examination were normal. After 
three daily injections of intramuscular 
edetate disodium calcium (25 mg/kg) for 
seven days, the lead excretion in urine 
increased to 1,530 pg/liter/24 hr on the 
fifth day, and the blood level decreased to 
92 ug/100 gm of whole blood. 

Follow-up examination one year later 
after no further exposure to lead disclosed 
an absence of nausea and abdominal 
complaints and no evidence of stippling of 
the RBCs. Peroneal conduction velocity 
was then 49 m/sec. 


Dementia and Spastic 
Paraparesis 


Case 3.—A 33-year-old man was exposed 
to lead paint dust for 13 years while 
working with steel demolition that necessi- 
tated acetylene burning of lead-painted 
steel. He complained of abdominal pain 
and difficulty with gait. He had no 
diabetes or notable alcohol intake. Neuro- 
logical examination disclosed mild spas- 
ticity in both legs. Reflexes were increased, 
and there were bilateral Babinski signs. A 
myelogram was normal. He complained of 
lethargy, headache, difficulty with memo- 
ry, and increased clumsiness of gait. His 
blood lead level was 87 »g/100 gm and the 
baseline urine lead level was 40 pg/liter. 
The hematocrit value was 42% and the 
hemoglobin level was 13 gm/100 ml. After 
chelation, a 24-hour urine specimen showed 
2,700 pg/liter of lead. Another chelation 
produced 900 „g/liter of lead in the urine. 
Six months later, headaches and lethargy 








Neurological Problems 





neuron disease (wire coater) 





482 Arch Neurol—Vol 34, Aug 1977 


were gone. Memory was not better and the 
spasticity persisted. Motor nerve conduc- 
tion velocity in the right peroneal nerve 
was 51 m/sec. 


Extrapyramidal Syndrome, 
Dementia, and Lower Motor 
Neuron Disease 


Case 4.—A 57-year-old man had worked 
for 20 years coating wire. His recent work 
involved running wire off a spool through 
an acid flux bath into a tub of molten lead. 
He then pulled the wire out of the tub with 
bare hands to attach it to a spindle for 
rewinding. The tubs containing molten 
lead were heated, and fumes and smoke 
were given off into an open room where he 
worked without benefit of a mask. Not 
infrequently, he ate his lunch and drank his 
beverage with one hand while he guided 
the wire throughout the coating procedure 
with the other. He complained of chronic 
“stomach trouble,” and for three years had 
noted a metallic taste, difficulty swallow- 
ing, nausea, and increasing abdominal 
cramps. 

Over a period of two to three years, his 
family observed that he had become with- 
drawn, forgetful, and appeared easily 
confused with ordinary tasks. A definite 
movement disorder gradually developed, 
and his left arm did not swing with 
walking, gait became hesitant and stiff, 
writing became difficult and erratic, and 
speech was hesitant. Physical examination 
disclosed rigidity of all extremities, more 
left than right, and increased reflexes, 
without Babinski signs. At rest, he held his 
hands in a flexed dystonic posture, but had 
no tremor. Sensation was intact. His 
family physician found a blood lead level of 
160 ug/100 gm of blood and a hematocrit 
value of 45%. He did not have diabetes, 
malnutrition, or alcoholism. The left del- 
toid and biceps muscles showed atrophy, 
and surface fasciculations were evident. 
Electromyographic studies in the gastroc- 
nemius, quadriceps, first dorsal interos- 
seus, and abductor pollicis brevis muscles 
showed denervation potentials, fibrilla- 


Table 1.—Occupational Exposure to Lead: Case Studies 


Right Peroneal 
Motor Nerve 
Conduction Velocity, 


Blood Lead 
Concentration, 
ug/100 gm 


m/sec 
40° 
38 
49 
44 


233 37 Specimen lost 
58 41 


5 Neuropathy (ceramic glazer) 
6 Malaise, personality change, and neuropathy 20 2,100 
(lead-glass artist) 


tions, and reduced numbers of motor 
potentials. Atrophy of interosseus muscles 
was noted in both hands, although ulnar 
nerve conduction velocity was normal. 
Motor nerve conduction velocity studies 
were done in the right median (55 m/sec), 
right ulnar (60 m/sec), right peroneal (44 
m/sec), and left peroneal (42 m/sec) 
nerves. 

Following edetate disodium calcium in- 
fusion, (25 mg/kg for three days) the urine 
lead level was 640 pg/liter, and a second 24- 
hour collection showed 1,560 pg/liter; a 
third 24-hour urine specimen contained 
1,080 pg/liter. Two years later, he was 
asymptomatic and was once again able to 
serve as treasurer of his church. Conduc- 
tion velocity in the right peroneal nerve 
was 50 m/sec and muscle tone and strength 
returned to normal. Denervation was no 
longer evident by electromyography. 


Anemia, Colic, and Neuropathy 


Case 5.—For four years, a 42-year-old 
man had used a high-pressure spray gun 
(70 to 80 psi) to apply a water-based 
ceramic glaze to jet engine turbine cham- 
bers. Neither he nor factory management 
were aware that the spray material 
contained 60% lead as lead oxide. A respi- 
rator was used only sporadically, and the 
spray booth was not equipped with forced 
exhaust ventilation. The patient had had 
three hospital admissions for abdominal 
pain and constipation. No localizing signs 
were found and treatment was asymptom- 
atic. The last admission disclosed a mild 
anemia, which was attributed then to 
gastrointestinal bleeding from an active 
duodenal ulcer, newly identified by barium 
swallow. He had no history of diabetes or 
alcoholism. 

The patient had a hematocrit reading of 
35%, with prominent basophilic stippling of 
erythocytes and hemoglobin value of 11 
gm/100 ml. Blood lead concentration at 
that time was 233 pg/100 gm. Physical 
examination disclosed no neurologic abnor- 
malities. Two courses of chelation therapy 
using combined edetate and disodium 








24-Hour Urine Lead 
Level, g/liter 


Before Edetate After Edetate 


Disodium Calcium Disodium Calcium 
3,900 


Patient 

2 Neuropathy (steel burner) 180 343 1,530 
3 Dementia & spasticity (steel burner) 87 40 2,700 
4 Extrapyramidal syndrome, dementia, Motor 160 640 


1,560 


Specimen lost 
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calcium and dimercaprol brought lead 
concentrations within a range of 40 to 60 
ug/100 gm. Electrodiagnostic studies dis- 
closed nerve conduction velocities of the 
right peroneal (37 m/sec), left peroneal (36 
m/sec), left ulnar (38 m/sec), right median 
(37.5 m/sec), and left median (45 m/sec) 
nerves. Further follow-up studies were not 
possible. 


Malaise, Personality Change, 
and Neuropathy 


CASE 6.—A 36-year-old woman who had 
been a lead glass artist for two years began 
to lose interest in her family and work. She 
was often irritable and complained of 
vague aches and pains. One physician 
believed she was depressed and suggested 
psychiatric assistance. Another observed 
her occupational history and found a whole 


blood lead level of 58 pg/100 gm and FEP | 


concentration of 300 ywg/100 ml. Her 
hemoglobin level (11 gm/100 ml) and hema- 
tocrit value (36%) suggested mild anemia. 
Neurological examination showed no ab- 
normalities. Right peroneal MNCV was 41 
m/sec. On the basis of elevated blood lead 
and FEP concentrations as well as slowed 
conduction velocity, edetate sodium cal- 
cium (25 mg/kg) was given. A baseline 24- 
hour urine excretion of 20 mg/liter was 
followed by a postchelation urinary output 
of 2,100 mg/liter. One year later and after 
improving ventilation in her lead glass 
studio, she had no symptoms and her blood 
lead level was 32 ng/100 gm and her right 
peroneal motor nerve conduction velocity 
was 50 m/sec. 


COMMENT ON CASES 


The adult patients described 
worked in high-risk environments and 
had increased body burdens for dura- 
tions of four to 20 years (Table 1). At 
the time of their initial screening for 
toxic levels, two workers (cases 1 and 
3) had been told they had “acceptable” 
levels of increased body burden for 
lead workers on the basis of screening 
blood tests. Occupationally, exposed 
lead workers have a higher long-term 
total lead content without showing 
clinical signs of toxicity, presumably 
because of the relatively slow accumu- 
lation." Blood concentrations above 
80 ug/100 gm are often associated 
with clinically evident effects on the 
hemopoietic and nervous systems, but 
the compensated lead industry worker 
may have levels near 80 ug/100 gm 
without overt signs of lead toxicity. 
The important point is that lead in our 
patients, accumulated either by gas- 
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Table 2.—Reversibility of Slowed 
Nerve Conduction Velocity 
After Chelation 










Initial Motor Postchelation 








Nerve Motor Nerve 
Conduction Conduction 
Velocity, Velocity, 
Patient m/sec m/sec 





1 40 46 (1 yr) 
2 38 49(1 yr) 


4 44 50 (6 mo) 






trointestinal absorption or by inhala- 
tion, affected the nervous system in 
different ways. 

Although their initial urine levels 
were low and their blood levels accept- 
able by existing safety criteria, chela- 
tion in patients 1 and 2 yielded further 
reduction in body burdens of lead. 
Evidence of neuropathy by low MNCV 
values led to rechelation in patient 6, 
even though the blood levels were 
below 60 ug/100 gm. In each of these 
clinical examples, some degree of 
peripheral neuropathy was concomi- 
tant with other toxic effects of lead. 
The use of MNCV determination as an 
additional screening exposure to lead 
should prove useful in clinical practice 
because it provides information on 
probable accumulative effects of ex- 
posure to lead. A blood lead level may 
reflect current exposure, but tells 
little about past exposure or about 
total body lead burden. Circulating 
levels of lead in whole blood have no 
relation to the concentration of lead in 
the nervous system.’ Postprovocation 
excretion of lead is a better reflection 
of past exposure and total body 
burden than the blood lead, but 
provides little information about the 
possible accumulation of lead or its 
toxic effects in the central and periph- 
eral nervous systems. 

These individual cases of lead intox- 
ication, defined by blood levels of 
greater than 80 ug/100 ml in all but 
one case, all included the complaint of 
abdominal discomfort and also the 
manifestation of a wide variety of 
neurologic symptoms and signs such 
as encephalopathy, myelopathy, and 
peripheral neuropathy. Neuropathy 
was principally motor oriented, but 
one patient had sensory symptoms as 
well, and one patient had no neurolog- 


ical complaints. Peroneal MNCV in 
these six cases ranged from 36.5 to 44 
m/sec (mean, 41.42 m/sec + 4,52 
[SD]) and the group mean differed 
significantly (P< .001) from the 
adult control mean of 54.09 m/sec 
+ 5.15. Four of the six patients had an 
MNCV of less than 2 SDs (42.17 m/ 
sec) from the control mean. Thus, elec- 
trical evidence of subclinical neurop- 
athy was a common finding in this 
group of patients with a variety of 
manifestations of increased lead ab- 
sorption. This subclinical neuropathy 
was reversible (paired ¢ test: t = 4.44; 
P < .02) with cessation of exposure 
and chelation therapy (Table 2). 


FIELD STUDIES USING 
MOTOR NERVE 
CONDUCTION VELOCITY 
Workers Exposed to 
Lead Oxide Fumes 


Recently, a demolition company 
undertook the dismantling of an 
elevated train track network in the 
Charlestown section of Boston. The 
Division of Occupational Hygiene of 
the Massachusetts Department of La- 
bor and Industries was involved in 
monitoring this project because the 
old steel structure was heavily covered 
with several coats of lead paint. High 
levels of exposure to lead fumes were 
documented, as was the inadequacy of 
the respirators commonly in use. The 
standard proposed by National Insti- 
tutes of Occupational Safety and 
Health for respired air is an average 
of less than 0.15 mg/cu m. A lower 
standard of 0.10 mg/cu m has been 
proposed by the Department of Labor. 
Burner workers on this job had 
average exposures of as high as 15.0 
mg/cu m, 100 times the proposed stan- 
dard and ten times the level for which 
the usual respirators are considered 
adequate. The average concentration 
in respired air for 32 burner workers 
was 4.36 mg/cu m, while the mean was 
0.23 mg/cu m for 12 measurements of 
nonburner workers employed in the 
vicinity of the burning. These non- 
burner workers included laborers and 
supervisory personnel (J. Lewis, MD, 
R. F. Cashins, personal communica- 
tion, March 13, 1976). 

Blood samples were obtained from 
the workers and analyzed for lead 
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Mean peroneal nerve conduction velocity of nonburner workers (N = 6) is 49.0 m/sec 
+ 1.9 (SE); of burner workers (N = 13), 43.2 m/sec + 1.1 (SE); compared with that of 
control group (N = 25), 54.1 m/sec + 1.2 (SE). Mean value for nonburner and burner 
workers combined (N = 19) is 45.0 m/sec + 1.1 (SE). 


content. Nineteen workers were stud- 
ied for whole blood lead, hematocrit, 
hemoglobin, protoporphyrin, and cal- 
culated FEP concentrations. These 
men, 13 burner and six nonburner 
workers, were also studied for MNCV 
of the peroneal nerve. A careful 
review of systems and neurological 
examination was performed. In no 
instance were there abnormal physical 
findings, but various symptoms were 
elicited. None had diabetes, and four 
burner workers and one nonburner 
worker had a possibly noteworthy 
alcoholic intake (daily intake of more 
than 0.47 to 0.94 liters of hard liquor or 
0.95 to 1.90 liters of beer). A summary 
of the results is found in Table 3. The 
blood lead content of the samples 
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obtained from the burner workers 
ranged from 44 to 100 ug/100 gm 
(mean, 79.5 ug/100 gm). The nonburn- 
er workers had a mean blood lead level 
of 48.8 ug/100 gm, with levels ranging 
from 24 to 75 pg/100 gm. An obvious 
difference between the groups was 
observed in the fact that the nonburn- 
er workers had no complaints, while 
the burner workers complained of 
nausea, abdominal discomfort, mood 
change and irritability, sleeplessness, 
fatigue, headache, and numbness, and 
tingling of the extremities. Only four 
of the burner workers had no com- 
plaints. The burner workers had an 
average hematocrit reading of 41.4% 
and the nonburners workers, 44.0%. 
Protoporphyrin levels were measured 


Fatigue Nausea Headache 


Burner 
workers 
1 No Yes No 
2 No Yes No 
3 No Yes No 
4 Yes Yes No 
5 Yes No Yes 
6 No No No 
7 No No No 
8 No No No 
9 No No No 
10 No No No 
11 No No Yes 
12 No Yes No 
13 No No No 
Mean 
SD 
Nonburner 
workers 
14 No No No 
15 No No No 
16 No No No 
17 No No No 
18 No No No 
19 No No No 
Mean 
SD 
p* 


in 13 burner and five nonburner work- 
ers, which permitted calculation of the 
FEP values for these individuals. The 
mean FEP value of the burner 
workers was 1,133.8 ug/100 ml of 
RBCs and of the nonburner workers, 
713.8 ug (normal value, 46.9 ug/100 ml 
of RBCs + 14.9"). The FEP value was 
positively correlated with the blood 
lead concentration (r = .73; P < .001). 
Another interesting difference be- 
tween the two groups is found in the 
mean values for MNCV. The 13 burner 
workers had a mean MNCV of 43.2 m/ 
sec and the six nonburner workers, 
49.0 m/sec (P < .02). The combined 
groups of burner and nonburner 
workers had a mean MNCV of 45.0 m/ 
sec, which is significantly different 
from the control mean (54.09 m/ 
sec + 5.96) seen in the Figure. 

The slowed MNCVs, the elevated 
FEP levels, and the high concentra- 
tion of lead in respired air all indicate 
an increased absorption of lead oxide 
vapors that resulted from the burning 
of lead paint-covered steel. Nonburner 
workers in the vicinity of the burning 
had less intense exposure and this 


Lead Neuropathy—Feldman et al 


Table 3.—Summary of F indings in 19 Steel Workers 


Abdominal 
Irritability Sleeplessness Discomfort 





may explain the relatively lower 
whole blood content of lead. All the 
nonburner workers had been on the 
job four to ten months, and the burner 
workers had as little as one month 
exposure before symptoms of in- 
creased body burden of lead became 
evident (workers 4 to 11). 

When a worker had abnormalities 
in two of three factors (blood lead 
concentration, FEP value, or MNCV) 
and symptoms, he was considered 
intoxicated and was referred for 
chelation therapy. Such chelation not 
only confirmed the diagnosis, but also 
effectively treated the individual. 
Workers 1 and 2 were chelated at the 
time of preparing this report. In the 
first worker, a baseline urinary excre- 
tion of 655 g/liter for 24 hours was 
itself elevated and after 25 mg/kg of 
edetate disodium calcium given intra- 
venously for three daily infusions, 
urinary output was as follows: day 1, 
6,410 ug/liter; day 2, 1,440 ug/liter:; 
and day 3, 1,925 mg/liter. Worker 2 had 
a baseline value of 42 mg/liter in 24 
hours. After three daily infusions of 
25 mg/kg of edetate disodium cal- 
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Numbness, 
Tingling 


* Comparison of burner workers vs nonburner wor 


Motor Nerve 


BloodLead Conduction 
Level, 
ug/100 gm 


Velocity, 


No Complaints m/sec 


cium, the urinary output was 1,000 ug / 
liter in the first 24 hours. 

The 19 steel workers exposed to the 
fumes emitted from the lead paint- 
covered girders had hemopoietic ef- 
fects of increased lead absorption, 
with evidence of low hematocrit val- 
ues and hemoglobin levels in some 
workers, but elevated FEP levels in 
most (all 13 burner workers and four 
of five nonburner workers). These 
studies also provide additional evi- 
dence of slowed MNCV and, thus, 
subclinical neuropathy in individuals 
exposed to lead. 

Children With Long-Term 
Lead Paint Exposure 

If the observation of slowed MNCV 
in cases of symptomatic lead intoxica- 
tion and in subclinical cases of lead 
neuropathy have validity as a possible 
factor for measuring increased ab- 
sorption of lead, then by measuring 
MNCV it should be possible to iden- 
tify those affected from a group of 
individuals at risk. Children were 
selected for study from a_ public 
housing project in a city in eastern 
Massachusetts (population, 90,000). 


Free Erythrocyte Hemoglobin 
Hematocrit Protoporphyrin Value, 
Reading,% Level, u9/100mil  gm/100 mi 








kers via t test for independent groups. 


Attention was brought to this popula- 
tion at risk after one child living in the 
project had been treated for symp- 
tomatic plumbism. Confirmation of 
the diagnosis of increased body bur- 
den of lead was accomplished by the 
edetate disodium calcium provocation 
test.'* The subjects in this study had 
resided in the same housing project all 
their lives. Lead content of window 
and door casements and outside wall 
paint was measured. The outside walls 
contained 6.2 mg/sq cm, and the 
samples from various painted case- 
ments, doors, and window sills con- 
tained 2.5, 2.4, and 3.1 mg/sq em, 
respectively.’ 

Twenty-six parents volunteered 
their children to have the nerve 
conduction test in addition to a 
screening blood test done by finger- 
stick. For purposes of this study and 
to increase the sensitivity of the 
screen, those children showing pero- 
neal MNCV below 47.63 m/sec (1 SD 
below the control mean) were consid- 
ered suspect of having increased lead 
body burden and were admitted to the 
hospital for edetate disodium calcium 
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provocation. Dosages of edetate diso- 
dium calcium (50 mg/kg) were given 
intramuscularly in two doses sepa- 
rated by eight to ten hours. Urine 
collection was made from 24-hour 
baseline and for the 24 hours during 
administration of the chelating agent, 
and in some cases also for the succeed- 
ing 24 hours. A urinary excretion 
after edetate disodium calcium of 
more than 600 mg/liter/24 hr was 
considered indicative of increased 
lead body burden.” 

The MNCVs of the 26 subjects 
ranged from 31 to 54 m/sec. The mean 
MNCV was 46.73 m/sec + 5.83, which 
was significantly (t = 3.82, P< 001) 
below the mean of 52.78 m/sec + 5.15 
previously reported for unexposed 
children of similar ages.* Ten of the 26 
children were identified as having 
MNCV one or more SDs below the 
control mean. The MNCV in these ten 
children was 40 m/sec. The mean 
blood lead concentration was 32.6 ug/ 
100 gm. This did not differ signifi- 
cantly from the mean blood lead 
concentration of 27.8 ug/100 gm in the 
17 patients without slowed MNCV. In 
these ten children, blood lead levels 
were not significantly correlated with 
MNCV (r = —.14). 

On the basis of history of exposure, 
suggestive clinical symptoms, and 
slowed MNCV, but without considera- 
tion of blood lead concentrations, the 
ten children were scheduled for chela- 
tion. The parents of three refused to 
permit the edetate disodium calcium 
provocation. The remaining seven 
childern were chelated with edetate 
disodium calcium. The results of these 
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Table 4.—Blood and Urine Lead Levels and the Results of 
Edetate Disodium Calcium Provocation 


After Edetate Disodium 
Calcium Therapy (50 mg/kg) 
Motor Before Edetate 
Nerve Screening Disodium u mole of 
Conduction Blood Lead Calcium Lead/ mole of 
Velocity, Level, Therapy, Edetate Disodium 
Patient M/sec ug 100 gm ug/Liter ug/Liter Calcium 


10 260 


oO 


24-Hour Urine Lead Excretion Level 








0.094 
0.152 
700 0.422 
0.076 
683 0.566 
1,036 0.957 
5 0.297 
Not chelated 
Not chelated 
Not chelated 


© 


provocation tests are shown in Ta- 
ble 4. 

The mean urine concentration of 
514.9 pg/liter/24 hr for our seven 
chelated patients is more than triple 
the mean control level reported by 
Whittaker et al” of 165 yg/liter 24 hr 
for unexposed children. The differ- 
ence between the two means is highly 
significant (t = 4.88, P< 001). The 
24-hour collections before and during 
edetate disodium calcium provocation 
show a remarkable outpouring of lead 
in four cases: subjects 7 (700 g/liter), 
20 (683 pg/liter), 21 (1,036 pg/liter), 
and 22 (695 g/liter). 

Although the size of the sample is 
small, it can be observed that of the 
seven children initially selected, on 
the basis of slowed MNCV at a level of 
at least 1 SD, as being suspect of 
increased body lead burden, a possible 
relationship exists between the 
MNCV slowing and the quantity of 
lead excreted in the urine after 
edetate disodium calcium provocation. 
The four children with provoked urine 
excretion of > 600 mg of lead all had 
MNCVs of less than 2 SDs below the 
control mean; in the remaining three 
children the results of provocative 
chelation were less striking. Yet, two 
of them showed lead concentrations in 
urine exceeding the mean for control 
subjects.*° 

There is a serious paucity of control 
data for the edetate disodium calcium 
mobilization test in children.”°*' Nor- 
mal values have been established in 
adults by testing subjects who have 
not had known exposure to toxic 
amounts of lead. Chisolm et al” 


described quantitative studies in 
which edetate disodium calcium mo- 
bilization tests have been done in chil- 
dren and adolescents with blood lead 
concentrations in the normal and 
subclinical range (8 to 75 ng/100 gm of 
lead). In that study, the amount of 
lead excreted following edetate diso- 
dium calcium administration was ex- 
pressed as micromoles of lead ex- 
creted per millimole of edetate diso- 
dium calcium administered, in order 
to compensate for differences in the 
doses of edetate disodium calcium. 
The amount of lead excreted following 
edetate disodium calcium injection 
provides an index of the mobile 
portion of the total body lead burden. 
In order that our data be comparable 
to those recently described,” we have 
cited the values in micromoles of lead 
excreted in 24 hours per total dosage 
of edetate disodium calcium in milli- 
moles given to the subject (Table 4). 
The total amount of lead excreted was 
greatest in the three children with the 
slowest MNCVs (subject 7, 20, and 21), 
whether expressed as the concentra- 
tion per liter per 24 hours or as the 
quantity excreted in relation to the 
dosage of edetate disodium calcium. 
Screening for subclinical cases of 
increased lead absorption required 
consideration of blood lead, urinary 
lead, and MNCV values, possibly inde- 
pendent of each other. Comparing the 
ten children in the at-risk group with 
the lowest conduction velocities with 
the nine cases with the highest blood 
lead levels, it is noted that there are 
only three cases that overlap. It is 
understandable that the blood levels 
of lead, which are higher with acute 
lead absorption, may not continue to 
be elevated after the prolonged expo- 
sure necessary to cause neurological 
symptoms and signs.*** 

The mean MNCV of the 26 children 
in this study was 46.73 m/sec + 5.83. 
As a group, MNCVs in the lead 
suspects differed significantly 
(t = 3.78; df = 46; P < .001) from the 
control group (52.78 m/sec + 5.16). 
Individually, there were nine of the 26 
whose MNCV was below 46.73 m/sec. 
The reliability of MNCV as a means 
for predicting chronic increased lead 
absorption can be suggested by the 
results of the chelation test. Seven of 
the nine children at risk were 
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chelated. The four with slowed con- 
duction velocities excreted amounts of 
lead in the urine consistent with a 
diagnosis of increased lead body bur- 
den. The three with faster MNCVs 
had the lowest amount of lead 
excreted in the urine after edetate 
disodium calcium. 

A previous report by Feldman et al’ 
described important differences in 
the MNCVs of the peroneal nerves in 
groups of children with known in- 
creased lead absorption due to inges- 
tion of lead paint as compared with 
controls of the same age. In that 
study, Boston and Baltimore children 
who had whole blood lead levels of 
greater than 40 ug/100 gm or who had 
excreted more than 600 mg/24 hr 
following edetate disodium calcium 
administration showed mean MNCVs 
of 42.33 m/sec + 8.65 and 47.91 m/sec 
+ 5.83, respectively. These values dif- 
fered significantly (P < .01) from the 
control mean of 52.78 m/sec + 5.15. 
However, the mean MNCV of the 
Boston group also differed signifi- 
cantly (P< .05) from that of the 
Baltimore group. This variance in 
mean MNCV between the two popula- 
tions of children with increased lead 
absorption was attributed to the 
probability of a continuing low-level 
exposure or recurrent episodes of 
ingestion of lead particles in the 
Boston group. In Baltimore, stricter 
housing regulations minimized this 
possibility. 

The MNCV was also measured in a 
study* of prevalence of increased lead 
absorption among children in Sho- 
shone County, Idaho. Blood lead levels 
greater than or equal to 40 mg/100 gm 
were found in 98.8% of children living 
within 1.6 km of a lead smelter. When 
the MNCV was compared with the 
blood lead level in each child, a statis- 
tically significant negative correla- 
tion was found between conduction 
velocity and lead level (r = —0.38, 
t = 2.12; P< .02 by one tailed t test). 
A similar negative correlation was 
found between conduction velocity 
and FEP (r= -—0.40). The mean 
peroneal MNCV in 55 control children 
was 54.2 m/sec, while mean MNCV in 
the lead absorption group was 51.6 m/ 
sec. This difference was statistically 
significant (t = 2.58, P< .01 by 
matched-pair one-tailed ¢ test). 
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The individual differences in 
MNCV values among the at-risk 
groups and control subjects may be 
small, but, as more data are gathered, 
it becomes clear that subclinical neu- 
ropathy, measured by nerve conduc- 
tion velocity, is a concomitant of 
increased lead absorption in children. 


COMMENT 


Accumulated experience with 
adults and children and corroborative 
studies in the literature indicate that 
toxic effects of lead have both central 
and peripheral nervous system mani- 
festations. Aring and Trufant re- 
viewed 41 cases of lead intoxication 
and described involvement of basal 
ganglia as well as spinal cord and 
peripheral nerves. Thirty-one cases of 
encephalopathy in adults were de- 
scribed in the English literature 
between 1960 and 1969. These in- 
cluded victims of gasoline sniffing,” 
two lead workers,” a battery work- 
er,” a wine maker,” and three individ- 
uals suffering the ill effects of lead- 
contaminated illicit whiskey.*- 
Whitfield at al** added to the litera- 
ture observations on 23 adults with 
lead encephalopathy due to lead- 
contaminated “moonshine.” Seto and 
Freeman” referred to 40 cases of 
childhood lead neuropathy in the liter- 
ature. Feldman et al* confirmed the 
presence of neuropathy in children, 
using MNCV measurement. Optic 
atrophy may also occur in adults with 
chronic lead toxicity.” Auditory de- 
fects and vertigo may follow lead 
poisoning.” An association between 
motor neuron disease, particularly 
amyotrophic lateral sclerosis, and 
chronic lead toxicity has long been 
suspected. Simpson et al noted mus- 
cle fasciculations and proximal girdle 
atrophy similar to that occurring in 
amyotrophic lateral sclerosis. Livesley 
and Sission®** and Boothby et al* have 
‘dentified lead industry workers with 
the clinical diagnosis of motor neuron 
disease. The residua of acute encepha- 
lopathy in children who survive is well 
known. Experimental evidence’ sug- 
gests that edetic acid does not remove 
lead once it is bound in the central 
nervous system. In some adults the 
aftermath of chronic lead toxic en- 
cephalopathy includes signs of extra- 
pyramidal disorder, spasticity, and 


dementia. Subacute exposure causes 
headache, dizziness, irritability, mood 
change, and weakness of extremities. 

The observations reported here sug- 
gest that the measurement of MNCV 
may be another way to assess the 
effects of increased absorption of 
lead. Similarly, Catton et al studied 
lateral popliteal nerve conduction in 
19 lead battery factory workers. Expo- 
sure to lead was from five months to 
13 years. Thirteen of the 19 men had 
blood lead levels greater than 80 pg / 
100 gm; some had anemia. A minimal 
but noteworthy decrease in nerve 
impulse amplitude was found in lead- 
exposed workers when compared with 
a control group. There was some corre- 
lation between length of exposure to 
lead and severity of conduction defect, 
but the number of persons studied 
was too small to obtain statistical 
correlation with severity of lead expo- 
sure. Seppalainen and co-workers* 
were especially interested in finding 
subclinical evidence of the effects of 
lead on the peripheral nervous system. 
Motor conduction velocity of the ulnar 
and median nerves was slower among 
28 lead-exposed employees of a stor- 
age battery factory, as compared with 
age-matched controls. Fifteen of the 
group had been exposed for three to 
four years. Six had lead exposure for 
more than six years, and one had 
exposure for 23 years. All others had 
at least one year’s exposure. The blood 
lead in these 28 workers never 
exceeded 70 ug/100 gm, and no overt 
clinical symptoms of lead intoxication 
had been reported. Oh“ also showed 
slowing of nerve conduction velocity 
in industrial workers exposed to 
lead. 

The neurologic manifestations of 
lead intoxication, acute, chronic, low- 
level, or massive exposure, are quite 
variable. Location and degree of 
tissue damage depends on the dose 
and possibly the duration of exposure. 
Initially, axons may be preserved 
while segmental demyelination takes 
place. Eventually, however, after suf- 
ficient demyelination, the axon will 
also suffer and cell bodies within the 
spinal cord will be affected. The slow 
recovery of peripheral neuropathy 
may be a signal of damage to 
Schwann cells in the presence of 
persistently increased body burden.*? 
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Segmental demyelination as well as 
axonal degeneration in the peripheral 
nerves of guinea pigs with chronic 
lead ingestion have been demon- 
strated. Since the neuropathy de- 
velops after exposure for many weeks 
or months, different stages of demye- 
lination and remyelination are pres- 
ent at the same time in different 
nerve fibers. Histological changes of 
segmental demyelination are found in 
the nerves that showed marked reduc- 
tion of conduction velocity. Electron- 
microscopic studies of experimental 
lead neuropathy in rats" have 
shown that, while Schwann cells and 
myelin sheaths are primarily dam- 
aged, axons also showed degenerative 
and reactive changes. Lampert and 
Schochet*? offer two explanations for 
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the process of demyelination and 
remyelination in lead neuropathy. 
One is that a substance having 
porphobilinogen as a precursor is 
somehow essential for the mainte- 
nance of myelin. Such occurs in 
porphyria in which a block occurs in 
the liver, resulting in excretion of 
excess porphobilinogen and 6-amino- 
levulinie acid and at the same time 
causing demyelination. It may be 
possible that inhibition of sulfhydryl- 
containing enzymes in neurons and in 
RBCs was the common mechanism 
underlying the neurologic and hema- 
tologic changes. Muscle cell tissue 
culture studies have recently provided 
support for this possibility (S. Sasson, 
MD, personal communication, Aug 5, 
1976). The second explanation is based 
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Antibodies to Varicella Zoster 


in Cerebrospinal Fluid 


R. Cyril Bieger, MD; Robert E. Van Scoy, MD; Thomas F. Smith, PhD 


© The neurologic complications of vari- 
cella-zoster (VZ) virus infections are 
manifested as zoster with or without CNS 
involvement, encephalomyelitis, or ocular 
involvement. Usually the association of 
VZ virus in these conditions has been 
determined by finding VZ antibodies in the 
serum. In a few instances, VZ antibodies 
have been detected in the CSF. We report 
two cases of VZ virus infection followed 
by neurologic complications involving the 
CNS in which VZ antibodies were present 
in the CSF. These two cases underscore 
the need and value of determining the 
presence of VZ antibodies in the CSF in 
certain instances. 

(Arch Neurol 34:489-491, 1977) 


T he neurologic complications of 
varicella-zoster (VZ) virus infec- 
tions are manifested as zoster with or 
without CNS involvement, encephalo- 
myelitis, or ocular involvement." The 
association of VZ virus in these condi- 
tions has usually been determined by 
finding antibodies to this agent in the 
serum of the patient. Antibody to VZ 
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virus has been detected in the CSF in 
only a few instances.*-’ In this report, 
we describe two cases of VZ virus 
infection followed by neurologic com- 
plications involving the CNS in which 
VZ antibodies were present in the 
CSF. 


REPORT OF CASES 


Case 1.—A 79-year-old man with a past 
history of hearing loss, convergence 
insufficiency, and myocardial infarction 
was well until approximately two weeks 
before his admission to the Mayo Clinie on 
June 20, 1974. He had been bitten by 
several insects while fishing; later, swell- 
ing of his ears and beneath his eyes 
occurred, with itching on the right side of 
the face. He was hospitalized elsewhere 
and treated for cellulitis; subsequently, 
vesicles on the right side of the face, 
excoriations of the right external auditory 
canal, ulcerations of the right palate, Bell’s 
palsy on the right side of the face, devia- 
tion of the right eye upward and outward, 
and drowsiness were noted. The spinal 
fluid examination showed an opening pres- 
sure of 14 cm of water; there were 136 
WECs, which were mostly lymphocytes; 
and the protein level was 64 mg/100 ml and 
the sugar level, 62 mg/100 ml. The periph- 
eral WBC count was 7,100/cu mm. He was 
unable to walk because of dizziness. 

On admission to the Mayo Clinic he 
appeared oriented but drowsy. Physical 
examination disclosed ptosis on the right, 
nystagmus (2+) to the right, absent 
hearing in the right ear, depressed hearing 


in the left, paralysis of the seventh cranial 
nerve on the right side, difficulty with 
balance with a tendency to fall to the right, 
dysarthria, generally hypoactive deep ten- 
don reflexes, and two crusts on the concha 
of the right ear. A grade 2/6 systolic 
ejection murmur at the apex was also 
noted. A Schirmer tear test did not show 
lacrimation on the right eye, which indi- 
cated superficial petrosal nerve involve- 
ment. 

The following tests or values were nega- 
tive or normal: roentgenograms of the 
skull, sinuses, and mastoids; petrous 
tomograms, a nuclide brain scan, con- 
centration of hemoglobin, erythrocyte sed- 
imentation rate, and WBC count. Results 
of the urinalysis were also normal, with the 
exception of grade 2 proteinuria. 

Cerebrospinal fluid examination showed 
a negative VDRL, 25 lymphocytes, no 
neutrophils, 17 RBCs, a sugar level of 51 
mg/100 ml, and a total protein content of 
45 mg/100 ml, with the following distribu- 
tion: albumin, 50%; prealbumin, 4%; a,- 
globulin, 7%; a.-globulin, 7%; B-globulin, 
18%; and y-globulin, 14%. Cerebrospinal 
fluid cryptococcal antigen serology was 
negative. Serum fungal serologic tests for 
coccidioidomycosis, cryptococcosis, histo- 
plasmosis, and blastomycosis were nega- 
tive, as was a purified protein derivative 
(PPD) test. Cultures of the CSF for acid- 
fast bacilli, fungi, and bacteria were nega- 
tive. Unfortunately, no viral cultures were 
taken. 

Complement-fixation tests with serum 
showed viral mumps titers of less than 1:2; 
soluble mumps titers of less than 1:2; Cali- 
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fornia virus titers of less than 1:2; herpes 
simplex, 1:32; and VZ, 1:2,048. Serologic 
results with CSF showed mumps (viral) 
titers of less than 1:2; California virus, less 
than 1:2; herpes simplex, 1:2; and VZ, 1:16. 
Throat and rectal cultures were negative 
for virus isolation. 

The patient remained afebrile during his 
hospital stay, during which time he 
received only supportive and physical ther- 
apy. He was dismissed on June 28, 1974. A 
follow-up letter. on Aug 2, 1974, from his 
home physician showed that he had 
improved with respect to hearing and 
walking, but that his facial paralysis 
persisted. The patient, however, com- 
plained that he could hear music in his head 
all the time, particularly “old time mus- 
ie, 

Case 2.-A 56-year-old man with a 
history of diet-controlled diabetes for 14 
years, intrinsic asthma for five years, and 
allergy to aspirin and penicillin was 
admitted to the Mayo Clinic on Aug 7, 1974, 
because of left leg weakness. He had been 
taking 20 mg of prednisone every other 
day for one year for his asthma. In June 
1974, he was admitted to his local hospital 
because of an asthmatic attack and was 
treated with intensive intravenous hydro- 
cortisone. During this treatment, zoster 
developed that involved the left occiput, 
left shoulder, and left side of his face. The 
intravenous steroid treatment was contin- 
ued through the initial phase of the zoster 
infection. 

In early July, he began to experience 
double vision in which objects were sepa- 
rated on a vertical plane. He also experi- 
enced ataxia. On July 8, right facial weak- 
ness with sensory loss over the right side of 
the face occurred and was accompanied by 
drooling from the right side of the mouth; 
there was no pain. Perirectal and saddle 
region numbness with urinary retention, 
bowel retention, and a cold, aching sensa- 
tion in the legs had developed in early 
July. 

Neurologic examination elsewhere on 
July 9 showed diplopia when looking down 
and to the right, decreased facial move- 
ment on the right side, decreased perioral 
and periauricular muscle function on the 
right side, decreased facial sensation over 
the mandibular and maxillary divisions of 
the face on the right, Weber lateralization 
to the left, decreased hearing bilaterally, 
and decreased right iliopsoas and ham- 
string strength. Deep tendon reflexes were 
2+ and symmetric, and there was a ques- 
tionable right Babinski sign. The gait was 
broad-based and ataxic. Hyperesthesia was 
present over the left thigh and hypoes- 
thesia over the right thigh and buttock. 
The clinical impression was possible herpes 
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zoster encephalomyelitis. 

The patient did well, with supportive 
care until the first of August when pares- 
thesias in the left lower extremity became 
worse and weakness developed while facial 
weakness was improving. On examination, 
these changes in muscle strength were 
noted. The Babinski sign was present bilat- 
erally. 

He was admitted to the Mayo Clinic on 
Aug 7, 1974, at which time neurologic 
examination confirmed a left lower- 
extremity weakness and decreased joint 
and vibration sensation. Abdominal re- 
flexes were absent, the Babinski sign was 
questionably present bilaterally, and diplo- 
pia was present with gaze down and to the 
right that suggested a minimal lesion of 
the fourth cranial nerve on the leit. 

A CSF examination showed 167 lympho- 
cytes, 113 neutrophils, nine RBCs, a protein 
level of 187 mg/100 ml, a sugar concentra- 
tion of 75 mg/100 ml, and an initial pres- 
sure of 13 em of water. Purified protein 
derivative tests were negative at 5 tuber- 
culin units and 250 tuberculin units, but 
mumps virus and Candida skin tests were 
positive. Serologic tests with serum for 
histoplasmosis, coccidioidomycosis, blasto- 
mycosis, and cryptococcosis were negative. 
Cerebrospinal fluid antigen serology and 
culture were negative for cryptococcosis. 
Because an auramine-rhodamine stain for 
acid-fast bacilli was positive on the initial 
CSF examination, the patient was treated 
for five weeks with antituberculous drugs, 
but cultures of sputum, gastric, urine, and 
CSF were negative for Mycobacterium 
tuberculosis, bacteria, and fungi. Another 
CSF smear four days after admission was 
negative. 

An ECG was normal and an electro- 
myogram showed mild peripheral neurop- 
athy and multiple radiculopathies. This 
pattern was considered to be consistent 
with diabetes but was also consistent with 
root damage from local inflammation. It 
was thought that these changes could 
contribute to his weakness, but most of his 
weakness seemed to be due to an upper 
motor neuron deficit. 

Complement-fixation tests with VZ an- 
tigen showed titers of 1:32 (CSF) and 1:512 
(serum). There was gradual improvement 
with supportive eare, clinically as well as in 
the CSF findings. On Oct 2, CSF lympho- 
cytes numbered 57 and there were seven 
neutrophils. The sugar concentration mea- 
sured 69 mg/100 ml and total protein 
content was 147 mg/100 ml. 

The patient was contacted by telephone 
in October 1976, at which time he said he 
was able to walk with two canes but still 
had difficulty with balance. Decreased 
strength remained in the left leg, and he 


was unable to get into a car easily. There 
was numbness in both legs, more on the 
left. Mild urge incontinence was present, 
and he had difficulty feeling bowel move- 
ments during defecation. 


COMMENT 


Antibodies to various viruses have 
been found in CSF in association with 
acute CNS infections such as meningi- 
tis, encephalitis, myelitis,'’* and 
chronic or degenerating conditions 
such as multiple sclerosis,’**’ subacute 
sclerosing panencephalitis,*** and la- 
tent CNS infections such as in recur- 
rent herpes simplex labialis.” The 
presence of antibodies in CSF usually 
indicates exisiting or preexisting viral 
disease and the possibility of a lesion 
of the blood-brain barrier or local anti- 
body production.* 7?" Local anti- 
body production in the CNS or CSF is 
suggested by a low serum to CSF 
antibody ratio when compared with a 
normal control (which would show a 
high serum to CSF antibody ratio), 
the detection of CSF antibody before 
the detection of serum antibody, and 
the presence of a CSF antibody level 
higher than the serum antibody level. 
In our two cases, the serum to CSF 
antibody ratios were 128 and 16, 
respectively. Comparison of these 
ratios with the results of the comple- 
ment-fixation test with other anti- 
gens (herpes simplex virus, mumps, 
California virus) was not possible 
because the titers were all less than 
1:2. The titer of CSF antibody to VZ 
virus antigen in case 1 was 1:16, but it 
was 1:2 when herpes simplex virus was 
used as the antigen. We interpret this 
as a serologic cross-reaction, which 
has been demonstrated to occur 
between these two closely related 
viruses in the complement-fixation 
test. Usually, the antibody titer in 
serum is higher than that in the CSF, 
as in our case, but there have been 
instances when the reverse has been 
true. Recently, local production of 
antibodies within the CNS was 
strongly suggested by the demonstra- 
tion that CSF cells of patients with 
meningoencephalitis of presumed vi- 
ral origin, when incubated in the 
presence of labeled amino acids, 
synthesized IgG, IgA, and IgM in 
vitro. In addition, the CSF had an 
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elevated level of IgG with an oligo- 
clonal distribution.” Of importance, 
antibodies to several viruses have not 
been detected in CSF"? obtained 
from patients free of active CNS 
disease, with the exception of one 
study in which the antibody-mediated 
cell-dependent immune lysis test was 
used.*° 

Apparently, VZ antibodies in CSF 
have seldom been looked for*®*-9:1#-19-29 
and even more rarely found.**° When 
found, the presence of antibodies has 
been associated with encephalomye- 
litis or herpes zoster with the Ramsay- 
Hunt syndrome. Evans and Melnick” 
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were the first to provide laboratory 
evidence that VZ virus may be present 
in the CSF by observing morphologi- 
cally similar particles in both vesicular 
fluid and the CSF of a patient with 
zoster. Later, Gold** and Gold and 
Robbins*® confirmed this finding by 
the recovery of VZ virus from two 
patients with zoster infections. Sero- 
logic studies were not done. Because 
isolation of the agents belonging to 
the herpes virus group (VZ, herpes 
simplex virus, and- cytomegalovirus) 
from CSF is rarely successful,***? sero- 
logic detection of specific antibodies 
has been more rewarding. The few 
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Auditory Evoked Brain Stem Potentials 
in a Case of “Locked-in” Syndrome 


John Gilroy, MD; George E. Lynn, PhD; George E. Ristow, DO; Robert J. Pellerin, MA 


è Auditory evoked brain stem potentials 
were measured in a patient with occlusion 
of the basilar artery about 7 mm above its 
origin, resulting in the “locked-in” syn- 
drome due to infarction at the junction of 
the lower one third and upper two thirds of 
the pons. The first three waves of the 
evoked response originating from the 
acoustic nerve and auditory nuclei in the 
caudal pons were normal in wave form, 
peak latency, and voltage level. Waves IV 
and V, generated in the region of the 
lateral lemniscus and inferior colliculus in 
the rostral pons and caudal midbrain, 
demonstrated prolonged peak latency 
and reduced voltage, indicative of slowed 
neural conduction in the pons above the 
level of the superior olivary complex. 
These findings suggest that auditory 
evoked potential recordings may have 
considerable value in the localization of 
brain stem disorders. 

(Arch Neurol 34:492-495, 1977) 
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hort-latency auditory click-evoked 
potentials are measures of elec- 
trical activity generated from various 
auditory centers in the brain stem. 
Depth and scalp electrode recordings 
in animals with experimental lesions 
have shown that the “Jewett waves” I, 
II, III, and the IV-V complex are 
reflections of electrical activity from 
the acoustic nerve (wave I), the coch- 
lear nuclei (wave II) and the superior 
olivary complex (wave III) in the 
caudal pons, and the nuclei of the 
lateral lemniscus and inferior colli- 
culus (waves IV and V) in the rostral 
pons and caudal midbrain.'* The 
origin of waves VI and VII have not 
been determined from studies with 
experimental animals, but clinical 
findings indicate that wave VI may 
reflect activity from the region of the 
rostral midbrain or caudal thalamus 
(medial geniculate bodies) and wave 
VII from the thalamus or thalamocor- 
tical auditory projections.’ 
This report describes the procedures 
we have used in recording auditory 
evoked potentials in normal subjects 
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and in a patient with an acute infarc- 
tion of the pons. The findings provide 
further clinicoanatomical correlations 
of these click-evoked responses and 
demonstrate the potential value of 
this procedure in the diagnosis of 
brain stem disorders. 


METHODS 


All patients and normal volunteer sub- 
jects were studied in the Neuroaudiology 
Laboratory of the Department of Neurol- 
ogy, Wayne State University, in Harper 
Hospital, Detroit. Electrical activity from 
auditory centers in the brain stem was 
evoked using 0.1-msec clicks presented 
monaurally via earphones. Click intensity 
was usually 76 dB above the average 
hearing threshold for clicks for young adult 
subjects with normal hearing. Other click 
levels were also used (66 and 86 dB) when it 
was necessary to aid in the identification 
of various components of the evoked 
response. The electrical activity, recorded 
from a pair of EEG disk electrodes posi- 
tioned at the vertex (C,) and mastoid ipsi- 
lateral to the ear stimulated, was amplified 
200,000 times and filtered through a low- 
and high-band pass of 100 to 3,000 Hz. 
Evoked responses were averaged with a 
computer (Nuclear Chicago model 7100) 
over a 15-msec analysis interval with 400 
data points and a 37.5-usec sampling rate. 
A total of 1,500 clicks were presented at a 
repetition rate of 10/sec for each averaged 
response. Evoked potentials were recorded 
at least twice in each ear at each intensity 
level used and recorded on an X-Y plotter 
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for a permanent record. The latencies of 
the evoked response waves I through VII 
relative to onset of the click stimuli, as well 
as interwave latencies, were measured to 
the nearest 0.1 msec. Data obtained in our 
laboratory from ten healthy adult subjects 
with normal hearing, aged 23 to 31 years, 

Served as the references for evaluating the 
responses from our patients. 


= DATA 
FROM NORMAL SUBJECTS 


Auditory click-evoked brain stem poten- 
tials obtained from our*normal hearing 
subjects usually showed seven distinct 
waves with well-defined peaks. Mean 
normal latencies and standard deviations 
for all the waves relative to both the click 
stimuli and wave I obtained with click 
intensity at 86-dB hearing level are shown 
in the Table. Latencies of the various 
waves were consistent among repeated 


_ recordings. In one subject, waves IV an V 


fused into a single wave, which was then 
identified as the wave “IV-V” complex. 
Responses from three subjects did not 
show clearly formed waves VI and VII. 
These normal latencies and standard 
deviations are in good agreement with the 
data of Starr and Achor’ at comparable 
hearing levels. An increase in latencies of 
the positive peak responses of more than 
2.0 SD from these mean normal values is 
considered abnormal. Amplitudes of the 
various waves in the averaged response are 
measured from the highest point on the 
positive peak of the wave to the subsequent 
negative trough. Even though peak-to- 
peak voltage may vary considerably among 
normal subjects and even from one record- 
ing to the next, the amplitude of wave V 
(or the IV-V complex) is always greater 
than that of wave I. Thus, as Starr and 
Achor* have pointed out, V/I amplitude 
ratio (or [V-V/I) of less than 1.0 is consid- 
ered abnormal and indicative of brain stem 
auditory pathway disorder. 


Arch Neurol—Vol 34, Aug 1977 


-SFI T = 7 PRET zog wrew z J os GPP Fyi v EN x r y vE t paa S A wy A 
$ TEPNA Ta m y cp) ee ek Mv MP ha neat Á , ae a si 
i Pa po & . i T PEE Fa : ’ 
no f. f . a + 0 d J ‘ 


(hey hon 


Arig a? Pe ae 
Fig 1.—Left vertebral arterio 


gram showing occlusion of basilar artery 7 mm beyond origin 





a a 
M as 
wy ae 


(arrow). Note retrograde filling of terminal portion of right vertebral artery. 


REPORT OF A CASE 


A 34-year-old man was admitted to the 
Neurology Service of Wayne State Univer- 
sity, at Harper Hospital, Detroit, on Oct 29, 
1976. He had been well until Oct 24, 1976, 
when he began to complain of bifrontal 
headaches. The headaches continued until 
Oct 26, when he became light-headed and 
developed a mild left-sided weakness. This 
led to admission to another hospital on that 
day. 

Examination at that time disclosed a 
lethargic patient complaining of head- 
aches. He had bilateral horizontal nystag- 
mus, a mild left-sided facial weakness, 
ataxia involving the left upper limb, gener- 
alized hyperreflexia, and bilateral extensor 
plantar responses. Over the next 48 hours 
his condition deteriorated and he became 
quadriplegic and comatose. Fluid obtained 
by lumbar puncture was clear, and there 
were no cells. Protein level was normal and 
cultures and serologic tests were subse- 
quently negative. An echoencephalogram 
was normal and a bilateral retrograde 
brachial arteriogram showed apparent 


poor filling of the basilar artery, which was | 


not clearly defined. 
At this point he was transferred to the 
Neurology Service at Harper Hospital for 
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further evaluation. On admission he was 
found to have a blood pressure of 180/130 
mm Hg. He would not respond to verbal 
stimuli; however, he would withdraw his 
extremities to noxious stimuli, with the 
right side moving less than the left side. 

Respirations were of the Cheyne-Stokes 
type. There were no bruits heard over the 
neck or cranium. 

Cranial nerve examination disclosed 
grade II hypertensive retinopathy without 
papilledema or hemorrhage. The pupils 
were equal, round, 4 mm in diameter, and 
reacted directly and consensually to light. 
The eyes were centrally positioned, with 
occasional pendular nystagmus in the 
vertical direction and ocular bobbing. The 
oculocephalic response could be obtained, 
but irrigation of the external auditory 
canal with ice water did not produce any 
oculovestibular response. The corneal re- 
flexes were present but slightly depressed 
bilaterally. Very slight facial movement 
could be obtained on painful stimulation. 
The patient was severely quadriparetic 
with very little movement of the extremi- 
ties on painful stimulation. The muscle 
stretch reflexes were increased and sym- 
metrical bilaterally. There was a bilateral 
extensor plantar response. 

A transfemoral arteriogram showed 
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LATENCY IN MSEC RE CLICK ONSET (1.0 MSEC./DIVISION) 


Fig 2.—Auditory evoked brain stem potentials with click stimuli (86-dB hearing level) 
presented to left ear of normal subject (A) and left (B) and right (C) ears of patient with 
locked-in syndrome. ‘‘Jewett waves” | through VII are based on average of 1,500 clicks 
presented at rate of 10/sec. Positivity at vertex is up in these recordings. 


complete obstruction of the basilar artery 
approximately 7 mm rostral to the verte- 
bral arterial junction (Fig 1). The posterior 
inferior cerebellar arteries were visualized 
bilaterally. Right and left internal carotid 
artery injection did not disclose any signif- 
icant retrograde or collateral filling of the 
basilar system. 

On Nov 2, 1976, six days after the onset 
of symptoms, the patient appeared to be 
alert with eyes open, conjugate, and 
directed straight ahead. The respirations 
were now regular and an endotracheal tube 
was in place. The patient was able to turn 
his head slightly to one side or the other on 
command, Examination of the cranial 
nerves showed no papilledema. Pupils were 
round, equal, 4 mm in diameter, and 
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reacted briskly to light, both directly and 
consensually. The involuntary eye move- 
ments had now disappeared, and the 
patient could move his eyes in a vertical 
direction, either up or down, on command. 
He was able to answer questions correctly 
by looking up for “yes” and down for “no.” 
No lateral movement, however, was possi- 
ble by command, and the oculovestibular 
and oculocephalic reflexes were absent in 
the horizontal plane. There was no ptosis, 
enophthalmus, or exophthalmus. Corneal 
reflexes were brisk bilaterally. Bilateral— 
upper and lower—facial weakness was 
observed. There was no voluntary or spon- 
taneous involuntary movement of the 
extremities and no withdrawal movement 
on painful stimulation. The muscle stretch 


reflexes remained hyperactive bilaterally 
and there was a bilateral extensor plantar 
response. 

Serial electrocardiograms in this patient 
were within normal limits. Serial electro- 
encephalograms revealed a background 
activity of 7 to 8 cps of low amplitude, 
intermixed with low- or medium-voltage 
4- to 6-cps theta activity. There were no 
focal, lateralizing, or paroxysmal fea- 
tures. 

The patient’s condition was believed to 
represent the result of an infarction 
occurring at the junction of the lower one 
third and upper two thirds of the pons, 
resulting in the “locked-in” syndrome. 

On Nov 1, 1976, auditory evoked poten- 
tials were recorded monaurally at the 
patient’s bedside with click stimuli at 86- 
dB hearing level. Responses from the left 
and right ears are shown in Fig 2, together 
with evoked responses from a normal 
subject shown at the top of the figure for 
comparison. For each ear, the first three 
waves showed normal latencies, with 
sharp, well-defined peaked wave forms. 
Latencies for wave IV (4.8 msec) were 
slightly prolonged relative to the click 
stimuli in each ear (2.0 SD) with somewhat 
reduced voltage. Wave V latency relative 
to the click stimuli (5.9 msec) was increased 
0.7 msec beyond the normal mean value of 
5.2 msec, which represented a significant 
shift of more than 2 SD. Latency shift of 
wave V relative to wave I was 4.4 msec, 
which was 0.5 msec greater than the 
average shift of our normal subjects (> 2 
SD). The significant delays in peak laten- 
cies occurred above wave III. Furthermore, 
even though wave V was easily identified 
in the recordings, it was significantly 
decreased in voltage level in the left ear 
and almost completely absent in the 
recording from the right ear. Moreover, the 
wave V/I amplitude ratio was less than 1.0 
in both ears. Wave VI could not be identi- 
fied at its normal latency of 6.5 or 6.6 msec. 
Whether the response was of such low 
voltage that it could not be identified or 
whether it had shifted instead to the 
latency where wave VII normally occurs 
(8.5 to 8.9 msec) could not be ascertained in 
these recordings. 

The auditory evoked potentials recorded 
in this patient with monaural clicks at 86- 
dB hearing levels showed normal waves I 
through III with no evidence of peripheral 
shift, slightly delayed wave IV latency 
with decreased amplitude, and a signifi- 
cantly prolonged wave V response with 
depressed voltage. These findings sug- 
gested slowed neural conduction velocity in 
the ascending pontine auditory pathways 
above the level of the superior olivary 
nuclei in the caudal pons affecting neural 
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transmission along the lateral lemniscus 
bilaterally. The presence of wave V, even 
though delayed in onset and diminished in 
voltage, would seem to suggest that 
auditory nuclei in the inferior colliculi were 
not completely disconnected from auditory 
centers located in the caudal pons. 


COMMENT 


The “locked-in” syndrome is usually 
seen with infarction of the ventral 
pons. This produces tetraplegia or 
severe tetraparesis due to interrup- 
tion of the descending corticobulbar 
and corticospinal motor pathways.*° 
However, the reticular activating sys- 
tem is preserved in the tegmentum of 
the pons, and the patient appears to 
be alert but completely paralyzed 
except for eye movements used for 
communication. 

The syndrome has also been re- 
ported in one case of midbrain infarc- 
tion’? and one in which tumor infil- 
trated the pons and midbrain as high 
as the thalmus."’ In our case, the 
arteriographic findings of occulsion of 
the basilar artery 7 mm rostral to the 
vertebral artery junction clearly indi- 
cates infarction of the ventral pons at 
the junction of the lower one third and 
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upper two thirds. In this location, an 
infarct to the ventral pons would 
spare the reticular activating system 
and the central auditory connections 
in the pons, including the cochlear 
nuclei, trapezoid bodies, and the 
superior olivary nuclei. These central 
auditory structures at the pontomed- 
ullary junction and caudal pons would 
in fact tend to be below the level of the 
infarction. The sparing of these struc- 
tures is reflected in the normal laten- 
cies and amplitudes for waves I 
through III in the auditory evoked 
potentials. 

The ascending auditory system 
from the caudal pons to the midbrain 
(lateral lemniscus) is a multisynaptic 
pathway that travels in the lateral 
portion of the tegmentum of the pons. 
Ischemia or extension of infarction 
into this area at the junction of the 
lower one third and upper two thirds 
of the pons would interrupt some of 
the fibers in this tract. This should 
produce alteration in the latency, 
amplitude, or wave form of the 
auditory evoked potential arising at 
the level of the next principal nuclear 
mass in the auditory pathway, which 
is the inferior colliculus. The finding 
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of increased latency and reduced 
amplitude of wave V in this case 
supports this hypothesis. 

Similar findings of increased laten- 
cy of wave V has been described in 
another case of “locked-in” syn- 
drome.'* The syndrome occurred in a 
patient with central pontine myelino- 
lysis, a condition in which demyelina- 
tion in the basis pontis can extend into 
the tegmentum of the pons, producing 
some interruption of the ascending 
auditory pathway. The similarity in 
the abnormalities in auditory evoked 
potentials in two cases of “locked-in” 
syndrome resulting from two entirely 
different pathological processes is 
startling. 

The abnormality in the auditory 
evoked potentials recorded in the 
“locked-in” syndrome suggests that 
this noninvasive procedure, which can 
be performed in conscious or comatose 
patients at the bedside or in the labo- 
ratory, is a useful indicator of brain 
stem disease. In addition, the discrete 
abnormality in wave V described 
suggests that this test may have 
considerable value in localizing the 
level of disordered conduction within 
the brain stem. 
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Stapedius Reflex Decay 
in Myasthenia Gravis 


Walter R. Warren, MD; Ludwig Gutmann, MD; Robert C. Cody, MA; 


Phyllis Flowers, MA; Alan T. Segal, MS 


è Stapedius reflex decay, in response 
to a one-minute sound stimulus of 500 Hz 
occurred in six patients with myasthenia 
gravis. This decay is analagous to the 
decremental response of muscle action 
potentials to rapid nerve stimulation. 
Edrophonium chloride decreases the de- 
gree of decay. This represents a useful 
test in the diagnosis of myasthenia 
gravis. 

(Arch Neurol 34:496-497, 1977) 


tapedius muscle function can be 
measured simply and quantita- 
tively by impedance audiometry.’’ In 
humans, unilateral sound stimulation 
elicits a bilateral contraction of the 
stapedius muscle. The resultant 
change in the acoustic impedance of 
the middle ear can be measured and 
reflects the stapedius muscle function. 
The sound stimulus threshold of the 
contralateral stapedius muscle is 70 to 
100 dB above the hearing threshold 
for frequencies of 250 to 4000 Hz. In 
normal individuals, stimulus dura- 
tions of up to 60 seconds at 250 to 1,000 
Hz do not produce alterations in the 
intensity of the sustained contraction, 
ie, no reflex decay. The presence of a 
notable stapedius reflex decay in six 
patients with myasthenia gravis 
serves as the basis for this report. This 
decrease in the sustained contraction 
is similar to the decremental response 
of muscle action potentials and 
twitches in extremity muscles in 
response to rapid nerve stimulation in 
this disease. 


SUBJECTS AND METHODS 

Nineteen normal subjects and six pa- 
tients with well documented myasthenia 
gravis were studied. All patients had 
bulbar weakness as part of their myas- 
thenia gravis. Five patients showed typical 
decremental response of muscle action 
potentials on 2/sec nerve stimulation with 
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associated posttetanic facilitation and ex- 
haustion. Two patients were not taking 
anticholinesterase medication while four 
had received none for the previous four 
hours. 

Tympanograms, stapedius muscle reflex 
thresholds, and reflex decay were deter- 
mined utilizing an electroacoustic im- 
pedance bridge, an X-Y recorder, and a 
strip-chart recorder. The impedance bridge 
is capable of objectively measuring the 
dynamic compliance and compliance 
changes in the middle ear system.’* 

The impedance bridge has a headset 
with an audiometer earphone on one side 
and a three-function probe on the other 
side (Fig 1). The probe is fitted into the ear 
canal in an airtight fashion with a soft 
rubber or plastic cuff. The test probe intro- 
duces a pure tone (220 Hz) into one port, a 
second port communicates with a pick-up 
microphone that monitors the sound pres- 
sure level (SPL) of the probe tone in the ear 
canal space; and a third port communicates 
with an air pump that is capable of varying 
the air pressure in the sealed ear canal 
space. 

The impedance bridge is a small sound- 
level meter designed to measure the SPL in 
the small space between the test probe and 
the tympanic membrane. The bridge intro- 
duces a 220-Hz probe tone into the ear 
canal, then measures the SPL of that tone 
as it is reflected back from the tympanic 
membrane. By varying the air pressure in 
the canal space, the tympanic membrane is 
artificially “moved” from a very stiff posi- 
tion (positive pressure) to its most mobile 
position (ambient pressure in the normal 
middle ear) and then stiffened again (neg- 
ative pressure). As the eardrum is moved, 
the SPL of the probe tone will change as 
more or less of its energy is absorbed or 
impeded by the tympanic membrane in the 
various positions. 

This dynamic variation in the SPL of the 
probe tone is graphed with an X-Y or strip- 
chart recorder. The data graph of the 
change in the compliance of the middle ear 
system, due to the variation of air pressure, 
is called a “tympanogram.” In normal 
middle ears, the tympanogram will show a 
peak at the point of ambient pressure. 

The stapedius reflex results from the 
bilateral contraction of the stapedius mus- 
cle when one ear is stimulated by a suffi- 
ciently intense acoustic signal, causing a 
stiffening of the middle ear system. The 
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contraction of the stapedius muscle can be 
measured with the impedance bridge when 
acoustic stimulation has been applied to 
the opposite ear. The reflex threshold for 
pure tones is elicited at intensities of 70 to 
100 dB above threshold in normal ears. 

Reflex decay can be measured by in- 
creasing the intensity of the stimulating 
tone to a level of 10 dB greater than the 
reflex threshold. In this study, stimuli of 
500 Hz were delivered for 60 seconds. All 
patients and controls showed normal 
tympanograms and normal stapedius re- 
flex thresholds. 


RESULTS 

In the six patients with myasthenia 
gravis the magnitude of the reflex 
contraction of the stapedius muscle 
declined 30% to 75% (Fig 2). This was 
not evident during the initial ten 
seconds of stimulation. Thirty to 
forty-five seconds after the intrave- 
nous injection of 5 to 8 mg of edro- 
phonium chloride (Tensilon), there 
was no longer any observable reflex 
decay in two patients, and, in a third, 
decay was only 24% compared to 75% 
before the drug was given. The other 
three patients were not tested with 
edrophonium. Sixteen of the 19 con- 
trol subjects showed no reflex decay 
after 60-second stimulation. In three a 
decay of 4% to 10% was recorded. 


COMMENT 

A sound stimulus presented to a 
single ear will elicit a bilateral reflex 
contraction of the stapedius muscle. 
In the presence of normal compliance 
of the tympanic membrane and ossic- 
ular chain (type A tympanogram) and 
normal acoustic and facial nerve func- 
tion, the contraction of the stapedius 
muscle can be measured by impedance 
audiometry.’? In normal individuals, 
stimuli of 500 to 1,000 Hz, up to one 
minute, should not produce any altera- 
tion in the intensity of the sustained 
contraction, although minor false- 
positive responses were present in 
three of our control subjects. These 
probably reflected leaks in the record- 
ing probe cuff seal to the external 
canal wall. At this frequency, stimulus 
decay occurs during the initial ten 
seconds of stimulation in patients 
with tumors of the cerebellopontine 
angie, the decay being thought due to 
fatigue in the sensory aspect of the 
reflex arc.* A similar stapedius reflex 
decay in three patients with myas- 
thenia gravis was described by Blom 
and Zakrisson. Its occurrence only 
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Fig 1.—Impedance bridge headset arrangement for stimulating ear with sound from 
audiometer earphone and detecting reflex contractions of stapedius muscle by 
means of compliance change in ear with test probe. 





Fig 2.—Stapedius reflex decay occurred prior to using edrophonium chloride in similar after more than ten seconds of stimu- 
fashion in each of six patients with myasthenia gravis. In this patient, stapedius reflex lation in our patients and its improve- 
response became normal, without decay, 45 seconds after edrophonium chloride, 8 mg ment with edrophonium distinguish it 


ETRY from that which occurs with retro- 
cochlear acoustic nerve lesions. The 
decay is analogous to the decremental 
responses of action potentials and 
twitches in other muscles to ra- 
pid nerve stimulation in myasthenia 
gravis. 

On the basis of this study, stapedius 
reflex decay lends objective support to 
the diagnosis of myasthenia gravis. 


y j pre-edrophonium { The major advantage of this test 
on off include its utilizing a facial muscle 


(often affected by the disease) and its 
ease of performance. 
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Hypothermia and Persisting Capacity 


to Develop Fever 


Occurrence in a Patient With Sarcoidosis of the Central Nervous System 


James M. Lipton, PhD; Joel Kirkpatrick, MD; Roger N. Rosenberg, MD 


è A patient with central nervous system 
and systemic sarcoidosis had profound 
hypothermia and dementia with asso- 
ciated lymphadenopathy and hyperna- 
tremia. His capacity to develop fever 
remained; despite the persistent marked 
hypothermia, sweating and shivering in 
response to peripheral heating and cool- 
ing were maintained. Postmortem neuro- 
pathologic studies indicated that the 
hypothalamic region, generally consid- 
ered to contain the primary temperature 
control, had been severely damaged by 
granulomatous sarcoid disease. These 
results confirm and extend previous 
findings of temperature disturbance in 
hypothalamic sarcoidosis and suggest 
that the integrity of the primary control of 
body temperature is not essential to fever 
production and “broad-band” regulation 
against environmental temperature ex- 
tremes. 

(Arch Neurol 34:498-504, 1977) 


See of the central nervous 
system causes a wide variety of 
symptoms including motor disorders 
and mental confusion, depending on 
the region involved.' We report a case 
of sarcoid disease associated with 
marked symptoms of hypothalamic 
disorder, including profound dysther- 
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mia. Of particular interest is the 
finding that although the preoptic/ 
anterior hypothalamic region, which is 
the presumed site of pyrogen action, 
was damaged, the patient was capable 
of fever production. This case report 
documents with careful measure- 
ments the thermoregulatory functions 
of the patient and correlates the clin- 
ical data with the hypothalamic pa- 
thology. 


REPORT OF A CASE 


A 57-year-old man complaining of 
anorexia, weakness, and weight loss was 
admitted to the Neurology Service of Park- 
land Memorial Hospital on June 26, 1974. 
This man had one prior admission in 1972 
for a gunshot wound to the left shoulder, 
for which he underwent a subclavian explo- 
ration and exploratory laparotomy. At this 
time he was referred to the Neurology 
Service for evaluation of an eight to ten- 
year history of progressive weakness in the 
lower extremities without sensory loss and 
nonprogressive urinary incontinence and 
urgency with polyuria. An electroencepha- 
logram and cervical spine roentgenograms 
showed no abnormalities. Records of his 
body temperature made during this initial 
hospital stay contained no evidence of 
impairment of control of body tempera- 
ture. There was no substantial change in 
his condition until six months before his 
second admission, when he noted anorexia 
and a rapid loss in body weight of about 18 
kg. One month prior to admission, the 
patient began to have severe difficulty 
with defecation and passed dark, dry, and 
hard stools only once a week. During this 
period he experienced cramping epigastric 
pain. Three to four weeks before admis- 
sion, the patient was found to have 
enlarged peripheral lymph nodes; a lymph 
node biopsy specimen obtained at another 


hospital was interpreted as demonstrating 
noncaseating granulomata consistent with 
sarcoidosis. There was no significant histo- 
ry of disease in his family or known aller- 
gies, and the patient denied use of tobacco 
or alcohol and drug abuse. He also denied 
previous serious systemic illness with 
fever, chills, and excessive sweating. 


General Examination 


The blood pressure was 90/60 mm Hg, 
falling to 60/0 mm Hg on standing, with a 
pulse rate of 68 beats per minute. The 
rectal temperature was below the lowest 
reading on the clinical thermometer (34.4 
C). On admission the patient was severely 
cachexic (weight, 41 kg), with conspicuous 
wasting of the musculature of the trunk, 
extremities, and temporal fossae. Diffuse 
rubbery lymphadenopathy was present 
bilaterally in anterior cervical, submandib- 
ular, axillary, and inguinal regions. A 
3cm epitrochlear node was found. The 
thyroid gland was not enlarged. Pulses 
were full, equal, and without bruits. The 
skin was dry and coarse with poor turgor. 
The neck was supple, and the abdomen was 
firm and flat. Bowel sounds were reduced. 
There was no edema, and the optic fundi 
were normal. 


Neurological Examination 


The patient was alert, oriented to name, 
date, and location, and extremely weak. 
The sense of smell was absent bilaterally, 
and there was a slight bilateral facial pare- 
sis. Hearing was normal, and the other 
cranial nerves were intact. Proprioception, 
vibration, superficial touch, and deep pain 
sensitivities were reduced. There was 
substantial loss of strength in the lower 
extremities such that he could not lift 
either leg from the bed. The musculature 
was diffusely and symmetrically wasted 
without fasciculations or tenderness. The 
muscle stretch reflexes were brisk. Clonus 
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plantar 


was not evoked. Extensor 
responses were elicited bilaterally. 


Laboratory Data 


The initial serum sodium level (151 
mKq/liter) showed the patient to be hyper- 
natremic, a finding that was to become 
consistent throughout the course of his 
illness. The potassium level was also 
slightly elevated (7.1 mEq/liter). Bicar- 
bonate concentration was 29 mg/100 ml; 
serum calcium, 9.5 mg/100 ml; and blood 
urea nitrogen, 20 mg/100 ml. Serum creat- 
inine level was 1.2 mg/100 ml, while total 
serum bilirubin level was 0.5 mg/100 ml. 
The initial alkaline phosphatase level was 
10.9 units, and the transaminase (SGOT) 
value was 128 IU/liter. Serum albumin 
level was 4.0 gm/100 ml, and the total 
serum protein concentration was elevated 
(8.8 gm/100 ml). The WBC count was 
7,500/cu mm. Prothrombin time was ten 
seconds (control, 11 seconds). Hemoglobin 
level was 14.1 gm/100 ml, and the hemato- 
crit value was 42 ml/100 ml with a mean 
corpuscular volume of 92 cup and a platelet 
count of 360,000/cu mm. 

Urinalysis showed a pH of 7.0; specific 
gravity, 1.014; protein, 30 mg/100 ml, two 
to four RBCs and 41 WBCs per high power 
field; hyaline casts; moderate acetone; and 
a trace of bilirubin. Many bacteria were 
also present in the urine. A chest roentgen- 
ogram showed a fullness in the right lung 
hilus. The patient’s electrocardiogram 
showed nonspecific ST-T changes V, 
through V,. Abdominal roentgenograms 
were read as unremarkable, and the elec- 
troencephalogram was normal. 

On the second day after admission, stool 
and emesis guaiac tests were negative and 
a serologic test (VDRL) for syphilis was 
positive (1:4) with a positive fluorescent 
treponemal antibody test. On the third 
hospital day, after rehydration, the WBC 
count was 1,700/cu mm, and the hemoglo- 
bin and hematocrit values were 10.4 
gm/100 ml and 32.8 ml/100 ml, respec- 
tively. A lumbar puncture showed a low 
opening pressure, ten WBCs per cubic 
millimeter (three polymorphonuclear leu- 
kocytes and seven lymphocytes), and a 
negative VDRL. Spinal fluid protein 
concentration was 100 mg/100 ml; glucose, 
70 mg/100 ml. 


Hospital Course 

The patient had a difficult and erratic 
course from the time of admission until his 
death 149 days later. Although a number of 
disorders developed during this period, one 
of the most persistent symptoms was hypo- 
thermia (Fig 1). Over the hospital course, 
rectal temperatures as low as 31.7 C were 
recorded, using precision electrothermom- 
eters. The use of clinical thermometers 
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Fig 1.—Daily oral temperatures during last three hospital months compared with average 
temperature recorded during first admission two years earlier, before signs of central 
sarcoidosis appeared. Each point represents average of three to six temperature 
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Fig 2.—Febrile response observed when massive bedsore became infected. When 
antibiotics were given, body temperature returned to low levels. 


that had lower limits of 34.4 C caused 
errors in early readings in the direction of 
higher temperatures. These errors may 
have been of considerable magnitude since, 
on several occasions after readings of 34.4 
C were recorded, measurements taken with 
the precision thermometers yielded values 
between 31.7 and 34.2 C. A heating blanket 


was used at times to maintain body 
temperature above 35 C. 

Despite his generally low body tempera- 
ture, the patient developed fevers that 
were preceded by leukocytosis. These 
fevers developed during episodes of pneu- 
monia and cutaneous infections and abated 
with antibiotic therapy (Fig 2). The abso- 
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lute magnitude of maximum body temper- 
ature during these fevers was not great, 
ranging from 38.0 to 38.5 C. However, the 
magnitudes of the temperature increases 
from the low prefebrile levels were large 
(28 to 3.9 C) The thermoregulatory 
responses associated with fever were not 
different from those seen in normal men. 
During the chill phase the patient shivered, 
complained of feeling cold, and requested a 
heating blanket. Malaise and body aches 
were associated with peak fever, and 
defervescence was marked, on at least one 
occasion, by profound sweating. 

While low body temperature was the 
primary characteristic of dysthermia in 
this patient, unusual diurnal changes in 
core temperature were also observed. 
Rather than the decreases in body temper- 
ature that usually occur during sleep in 
normal subjects, rises in core temperature 
in the evening and during sleep were 
observed in this patient on several occa- 
sions (Fig 3). 

It was clear that, while fine regulation 
against heating and cooling was lost in this 
patient, a “broad-band” or coarse control 
remained. Heating the patient to 38.3 C by 
means of a thermal blanket evoked sweat- 
ing, and core temperature stabilized at this 
elevated level. Shivering could be induced 
by bathing the chest with cold water when 
body temperature was low (81.7 C). It was 
not possible to demonstrate an association 
between the experience of thermal comfort 
and core temperature, except during 
febrile periods. The patient denied feeling 
cold even when rectal temperature was 32.2 
C or lower. 

Several other disorders were noted over 
the course of the illness. On the third 
hospital day, the patient became confused 
and developed symptoms of intestinal 
obstruction. An exploratory laparotomy 
was performed; midline and midileal adhe- 
sions resulting from his previous surgery 
were found and repaired. Both before the 
surgery and throughout the course of the 
illness, the patient had severe and persist- 
ent hypernatremia with serum sodium 
determinations as high as 160 mKq/liter 
despite forced increases in water intake. 

Two weeks after admission, it was 
thought that the patient had central 
nervous system sarcoidosis involving the 
hypothalamus with associated diabetes 
insipidus and secondary hypernatremia. 
Body weight continued to decrease, and the 
patient shunned hospital diet and ate only 
highly preferred foods. Chest roentgeno- 
grams at this time indicated perihilar calci- 
fications consistent with old granuloma- 
tous disease, and the results of a cervical 
lymph node biopsy were compatible with 
the diagnosis of sarcoidosis showing nonca- 
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Fig 3.—Rectal temperature was observed to increase during sleep in patient with 
sarcoidosis (lower graph). Decrease in body temperature that occurs during sleep is 
illustrated in record made on normal man (upper graph). 


seating granulomata. No acid-fast bacilli 
were seen, and complement fixation tests 
for fungi were nonreactive. Results of 
thyroid function tests were normal, and 
the patient was given antituberculosis 
drugs. 

Treatment with prednisolone begun in 
the second hospital month appeared to 
decrease the adenopathy and to improve 
food intake. At this time the patient devel- 
oped intermittent hallucinations (“walking 
trees”) and paranoid delusions that pro- 
gressed in frequency over time. Late in the 
third hospital month, an episode of sepsis 
due to a large hip abscess occurred. Bacter- 
emia developed both when the hip abscess 
became infected with proteus and during a 
subsequent urinary tract infection. During 
this infection, body temperature rose as 
high as 38.5 C. For treatment of the sar- 


coidosis, prednisolone was increased to 100 
mg/day, but this was complicated by a 
herpes zoster infection and thus the dosage 
of steroid medication was decreased in the 
fourth hospital month. Recurrent psychotic 
episodes increased about the fourth month; 
these were thought to be related in part to 
granulomata around the third ventricle. 
In the fifth hospital month, serum 
sodium and calcium levels could not be 
adequately controlled even with exogenous 
administration. The patient became more 
disoriented and displayed florid delusions 
of persecution. He also developed pneu- 
monia in the right lower lobe. Late in the 
fifth month, he became comatose with 
decerebrate posturing and small nonreac- 
tive pupils. Both Pseudomonas and Proteus 
organisms grew on sputum cultures ob- 
tained at this time. Progressive pneumonia 
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ensued and he died as body temperature 
rose to 37.4 C. 


Neuropathological 
Findings 

The brain weighed 1,240 gm; there 
Was excessive venous congestion. The 
leptomeninges at the base were 
slightly opaque and granular. The 
cerebral cortex and basal ganglia were 
intact grossly and microscopically ex- 
cept for the uncal gyri, which showed 
irregular gliosis and neuronal loss in 
an inferior medial distribution. The 
hypothalamus was examined after the 
brain was cut in the midsagittal plane. 
This medial view (Fig 4) showed a 
widened third ventricle and aqueduct 
and irregular scarring of the hypo- 
thalamus. The scarring included thick- 
ening of the lamina terminalis and 
extended caudally well past the mam- 
millary body. The inferior aspect of 
the hypothalamus was especially al- 
tered by the pathological process, but 
more superior portions of the dien- 
cephalon near the foramen of Monro 
(Fig 4) were also shrunken and 
scarred. 

Microscopically, the diencephalon 
showed a combination of gliosis, 
extensive loss of neurons, scant peri- 
vascular lymphocyte infiltrates, and 
small granulomas. One of the granu- 
lomas is illustrated in Fig 5. In this 
example the peripheral cuff of lym- 
phocytes is more dramatic than the 
relatively small central core of epithe- 
lioid histiocytes. This pattern was 
characteristic of all the central ner- 
vous system granulomas and, indeed, 
represented the last vestige of granu- 
lomatous involvement in the body. 
The mediastinal lymph nodes showed 
hyaline fibrous scars and a few 
residual Schaumann bodies but no 
active granulomas. The spleen con- 
tained involuting granulomas; more 
peripheral lymph nodes were small 
and uninvolved. There were no impor- 
tant pathological alterations in the 
kidneys. Many sections including 
brain were examined for acid-fast 
bacilli and fungi, but none could be 
identified. Caseation necrosis was 
absent. The quiescent state of the 
granulomatous process was attributed 
to the steroid therapy. The residual 
hyaline scars in lymph nodes and 
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Fig 4.—Medial view of hypothalamus. Optic chiasm, anterior commissure, and column of 
fornix are to left; mammillary body, lower center: aqueduct and posterior commissure, to 
right. Lamina terminalis is thickened by gliosis, and ventricular wall is deeply scarred. 





Fig 5.—Granuloma in hypothalamus. This small lesion is typical of relatively quiescent 
noncaseating granulomas (hematoxylin-eosin, x 100). 


brain were typical of lesions from 
other cases of treated sarcoidosis and 
served to mark the location of 
previously active granulomas. 

The devastation of the hypothal- 
amus was traced in subserial micro- 
scopic sections diagrammed in Fig 6. 


The illustrated series is from the left 
side; the lesions were bilateral and 
essentially symmetrical. The anterior 
hypothalamic and preoptic regions 
were partially replaced by loose glio- 
sis. The scarring extended at this level 
to the nearby temporal lobe uncus. 


Hypothermia—Lipton et al 501 





Fig 6.—Hypothalamus. These six tracings of tissue sections are arranged in rostral to caudal sequence, left to right. Ventricle 
is to right of each section. Myelinated tracts are represented by stippled shading: IC, internal capsule; AC, anterior 
commissure; F, fornix; X, optic chiasm; T, optic tract; M, mammillary body with mammillothalamic tract (unlabeled) abdve. 
Light broken-line shading represents loose gliosis, with almost complete loss of neurons. Heavier parallel-line shading 
represents dense glial and fibrous scar with complete loss of neurons. “G” marks location of granulomas. Unlabeled 
irregular dots represent sclerotic vessels and chronic inflammatory infiltrates. U indicates uncus; CP, choroid plexus. 
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The optic nerve at this level (not illus- 
trated) contained a scant lymphocyte 
infiltrate but no actual granulomas or 
scar tissue. In caudal progression, the 
inferior portions of the hypothalamus 
were replaced by dense hyaline scar 
tissue that consisted of both closely 
compressed glial processes and fibrous 
tissue. This merged superiorly and 
medially with less dense scar tissue. 
The paraventricular nucleus could not 
be identified, and only three neurons 
of the supraoptic nucleus were seen. 
This latter nucleus was replaced by 
loose glial scar tissue. Since the poste- 
rior lobe of the pituitary was intact, 
the symptoms of diabetes insipidus 
were due to hypothalamic involve- 
ment. 

Adjoining the scar tissue and ex- 
tending into relatively intact neural 
tissue were multiple small granulo- 
mas, including the one illustrated in 
Fig 5. Perivascular infiltrates of 
lymphocytes were present in wide- 
spread regions of the diencephalon, 
including the thalamus and subthal- 
amic nucleus. The medial globus palli- 
dus was also involved by lymphocyte 
infiltrates. The cerebral peduncle con- 
tained axonal swellings (“retraction 
balls”) laterally, indicating interrup- 
tion of axons passing through this 
region. This could have been due to 
the chronic basal leptomeningitis, 
which also produced cranial nerve 
palsies, or could represent the effect 
of previous cerebral edema (not pres- 
ent at autopsy) that compressed the 
peduncle against the tentorium—the 
Kernohan’s notch phenomenon. The 
spinal cord contained lymphocyte in- 
filtrates in thickened leptomeninges, 
and there was a focal narrowing of the 
thoracic region. Here the meninges 
and vessels were particularly fibrotic. 
Incomplete demyelination was pres- 


ent in descending tracts below this. 


point; this was considered to account 
for the symptoms of paraparesis. 


COMMENT 


Although central nervous system 
sarcoidosis can affect any part of the 
brain,’ the hypothalamus appears to 
be affected in a number of cases.*- 
Injury to hypothalamic tissue can 
produce deficits in regulation of body 
temperature, food intake, water bal- 
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ance, sexual functions, sleep, and 
emotional responsiveness and cause 
alterations in personality. Abnormali- 
ties of all these functions were 
present in our patient, either at the 
time of admission or during his 
hospital course. However, among the 
most profound and consistent symp- 
toms from the outset were hypo- 
thermia and marked fluctuations in 
body temperature, presumably the 
result of injury to the principal 
temperature control mechanisms in 
the diencephalon. The preoptic/ante- 
rior hypothalamic (PO/AH) region 
contains a primary temperature con- 
trol that senses local temperature, 
integrates peripheral and central tem- 
perature information, and drives ther- 
moregulatory responses. Destruction 
of this region in experimental ani- 
mals‘ and in man with hypothalamic 
lesions’ causes a loss of fine tempera- 
ture control, generally leaving a 
coarse or “broad-band” control intact. 
The control that remains after 
PO/AH injury may depend on an 
independent secondary control in the 
medulla oblongata that is also sensi- 
tive to temperature and capable of 
driving thermoregulatory responses.‘ 
The lesions in the PO/AH region 
caused by sarcoid disease in our 
patient are believed to have been 
responsible for his dysthermia. It 
should be noted that while central 
sarcoidosis can cause hypothermia 
similar to that observed here,**° 
hyperthermia has also been ob- 
served.: This difference in thermo- 
regulatory disorders may reflect dif- 
ferences in the specific locus and 
extent of the lesions or differences in 
ambient temperatures to which the 
patients were exposed. 

Although hypothermia was a promi- 
nent feature in the patient we 
describe, it should be emphasized that 
his thermoregulatory disorder is best 
described as relative thermolability 
since he showed poor regulation 
against both heat and cold. Ambient 
temperature in most modern environ- 
ments is generally much lower than 
normal body temperature, so that 
patients with disorders of central 
temperature control are more likely to 
present with hypothermia. Obvious 
exceptions are those patients with 


poor central control who become 
exposed to high temperatures and 
who are seen with heat exhaustion 
and heat stroke. As mentioned earlier, 
hypothermia is more likely to be 
missed than hyperthermia because of 
the common failure to shake down the 
indicator fluid in the thermometer to 
below normal level. 

It was clear that this patient could 
develop fevers that were responsive to 
antibiotics despite low baseline body 
temperatures. This finding was puzzl- 
ing since the region which most 
modern theorists hold to be the site of 
action of pyrogens was severely 
damaged. According to current theo- 
ry,” products of tissue injury and 
microbial invasion and other sub- 
stances interact with granulocytes, 
monocytes, or Kupffer cells to cause 
the release of endogenous pyrogens. 
These pyrogens are presumed to 
travel through the systemic circulation 
to act on thermosensitive cells in the 
PO/AH region to cause alterations in 
firing rate and an elevation in the level 
around which body temperature is 
regulated. The finding of persisting 
febrile responsiveness to infections in 
our patient stimulated research to 
determine whether the PO/AH region 
is,in fact, required for fever production. 
In this research, presented in greater 
detail elsewhere," the febrile response 
to bacterial endotoxin and leukocyte 
pyrogen was tested beforeandafterthe 
PO/AH region was destroyed in squir- 
rel monkeys. The changes in thermoef- 
fector activity and the body tempera- 
ture response to pyrogens were normal 
in all major characteristics after the 
PO/AH region was destroyed by elec- 
trolysis and alcohol injections. It 
may be either that fever capacity de- 
velops de novo in other brain regions 
after PO/AH injury or that receptors 
located elsewhere in the brain, but not 
yet described, have a role in nor- 
mal fever. It is unlikely that a sec- 
ondary temperature control in the 
lower brain stem can account for the 
persisting febrile response, since injec- 
tions of pyrogens directly into the 
medulla did not cause fever either 
before or after the PO/AH region was 
destroyed. ; 

Support for the idea that the 
PO/AH region is not essential to 
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fever can be found in previous clinical 
reports. Strauss and Globus" describ- 
ed a patient with hypothalamic 
tumors who had an elevated resting 
temperature (38.0 to 38.9 C). This 
patient responded to intravenously 
administered typhoid vaccine with 
fevers to 40 C even though neoplastic 
tissue had invaded the walls and floor 
of the third ventricle, making it 
impossible to discern the hypothal- 
amic nuclei. A patient of Gjersoe et al’ 
entered the hospital with a high 
temperature that subsided to subnor- 
mal levels after treatment of pneu- 
monia with sulfathiazole and penicil- 
lin. Histological study of the hypo- 
thalamus in this patient showed 
widespread chronic inflammation and 
epithelioid granuloma designated as 
Boeck’s sarcoid. Hockaday et al” 
observed febrile responses to intrave- 
nously given pyrogen in a patient 
with multiple hypothalamic infarcts 
and lesions in the globus pallidus, 
putamen, and pons. Thus, the results 
of the present and previous clinical 
studies and the results obtained in 
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subhuman primates suggest that the 
integrity of hypothalamic regions 
believed to contain primary tempera- 
ture controls is not required in fever. 
Circadian changes in body tempera- 
ture are well known in lower animals 
and man. One characteristic of the 
dysthermia in our patient was a 
disruption of the normal temperature 
cycle, with temperature increasing at 
night, even during sleep. This finding 
suggests that the primary tempera- 
ture control is necessary to the normal 
sequence of time cycles, but that it is 
not essential to the production of the 
cycles themselves. Duff et al“ noted 
that the temperature of a hypother- 
mic patient was usually higher in the 
morning than in the evening. From 
this result and findings on urine 
production, they concluded that there 
was a reversal of the diurnal rhythm 
of temperature and urine formation 
in the patient. No neuropathological 
studies were done on this patient. 
Except during febrile episodes, our 
patient rarely complained of feeling 
cold even though his body tempera- 
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ture fell to very low levels. This disso- 
ciation between body temperature 
and feelings of thermal comfort is not 
consistent with the results of animal 
experiments in which PO/AH de- 
struction disturbed body temperature 
control but left considerable capacity 
to prevent extreme deviations of body 
temperature through behavior." If it 
is assumed that the central mech- 
anisms that drive behavioral thermo- 
regulation in lower animals are analo- 
gous to those that determine thermal 
comfort in man, then the patient 
should have tried to compensate 
behaviorally for his low body tempera- 
ture. Whether this difference in 
results is due to differences in the 
central tissue destroyed in the animal 
experiments and in the patient, to the 
disruption of affect generally in the 
patient, or to some other factor is 
unknown. 
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Unusual Cause of Relapsing Hydrocephalus 


Congenital Intracranial Teratoma 
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è We add clinical and pathological 
details of one male and one female infant 
with congenital pineal teratomas who died 
before reaching 3 months of age to the 
small number in the world literature. Each 
had a nonresectable, enormous neoplasm 
at the time of diagnosis, and shunting 
procedures were of no significant value. 
The pathological features of the tumors 
conformed in all respects to those classi- 
cally described as true teratomas. An 
epidermal cyst, possibly metastatic, was 
found in the spinal subarachnoid space in 
one patient. There is currently no effective 
therapy for these neoplasms, although 
both were diagnosed during life. When- 
ever recurrent shunt insufficiency occurs 
in a hydrocephalic neonate, the possibility 
of a congenital brain tumor should be 
considered. 

(Arch Neurol 34:505-507, 1977) 


linical intracranial teratomas are 
rare tumors usually diagnosed 
only at necropsy. We report details of 
two infants with such neoplasms who 
died at 8% and 7 weeks of age, respec- 
tively. The tumor was demonstrated 
by positive contrast ventriculography 
in the first infant and by angiography 
and cytologic studies in the second 
baby. The diagnosis must be sus- 
pected whenever a neonate does not 
respond to the standard treatments 
for hydrocephalus. 
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REPORT OF CASES 


Case 1.—This 3,500-gm female was born 
June 27, 1974, of a 27-year-old gravida 1, 
para 0 mother after an uneventful 41-week 
pregnancy. Labor began spontaneously, 
but forceps and vacuum extraction were 
required for delivery because of cephalo- 
pelvic disproportion. The Apgar scores 
were 6 and 7 at one and five minutes, 
respectively. The placenta was normal. The 
baby was slightly stained with meconium. 

The infant initially did not feed well and 
was seen by a neurosurgeon because of a 
bulging fontanelle, dilated scalp veins, and 
a right peripheral seventh nerve paresis. 
The head circumference was 39.25 cm 
(greater than two standard deviations 
from the mean). Results of the general 
physical examination were normal. She had 
a good suck reflex, a diminished Moro 
response on the right side, a strong cry, a 
right peripheral seventh nerve paresis, and 
good four-extremity grasps and move- 
ments but with mild decrease of right- 
sided activity. 

Bilateral subdural taps were nonproduc- 
tive. A bubble ventriculogram done at 4 
days of age showed dilation of the lateral 
ventricles with minimal air in the third 
ventricle, This suggested the presence of a 
deep midline mass, but the need for treat- 
ment of the hydrocephalus precluded 
further radiographic studies. The ventric- 
ular fluid had a glucose level of 46 mg/100 
ml; it contained 2 WBCs and 320 RBCs. A 
protein determination was not done. 

A ventriculoperitoneal shunt was in- 
serted after which cyanosis and bradypnea 
developed in the infant for which she was 
given respirator assistance. Inappropriate 
secretion of antidiuretic hormone was 
treated by fluid restriction. She became 
lethargic and fed poorly. She was able to 
breathe without assistance after one week, 
but there was difficulty swallowing and 
the sunset sign persisted. A second respira- 
tory arrest occurred one week later that 
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again required ventilatory assistance. 

By 4 weeks of age, the seventh nerve 
paresis had cleared but the ventriculoperi- 
toneal shunt required revision. Subse- 
quently, a ventriculoatrial shunt was 
inserted because of persistent signs of 
increased intracranial pressure. 

A positive contrast ventriculogram was 
done at 74 weeks of age. It demonstrated 
increased ventricular dilation and a huge, 
deep cerebral mass, without evident miner- 
alization that was thought to be a pineal 
neoplasm (Fig 1). Xanthochromic, viscous 
fluid obtained from ventricular puncture 
contained a protein concentration of 894 
mg/100 ml, 130 WBCs, and 150 RBCs. The 
baby displayed minimal spontaneous activ- 
ity, required respiratory assistance, and 
died on Aug 26, 1974, at 84 weeks of age. 

The unfixed brain weighed 770 gm (nor- 
mal, 500 gm). The cerebral gyri were 
markedly attenuated consequent to severe 
ventricular dilation. A 5 x 7 x 7-cm multi- 
nodular mass separated the posterior 
portions of the cerebral hemisphere and 
protruded dorsally. The mass arose from 
the pineal region and extended caudally 
through the tentorial notch. Compression 
on the midbrain, pons, and medulla had 
reduced them to a thin silver of almost 
unrecognizable tissue. The tumor filled 
both cerebellopontine angles. A separate 
pineal could not be identified. Section of 
the tumor showed it to be cystic and 
hemorrhagic (Fig 2). In areas, there were 
multiple calcific deposits and dark struc- 
tures that superficially resembled eyes. 

Multiple microscopic sections of the 
tumor showed it to be composed of a large 
variety of body tissue, including the follow- 
ing: cartilage, bone, keratinized epithe- 
lium, mesenchyme, abundant primitive 
neural tissues with rosettes of the Flexner 
type, well-developed skin with dermal 
appendages, columnar epithelium, hair fol- 
licles, respiratory epithelium, primitive 
intestinal tract, striated muscle, primitive 
lung and pancreas, ependyma and choroid 


505 





Fig 1.—Case 1. Positive contrast ventricu- 


logram that outlines rounded tumor 


mass. 


plexus, peripheral nerves, mature ganglia, 
testicular tissue, mucous glands, clusters of 
melanocytes, and structures that appeared 
to be primitive optic vesicles composed of 
pigmented epithelium (Fig 3). Mitotic 
figures were found, although they were not 
abundant. They were most easily found in 
the neuroepithelial fissures. The thoracic 
spinal subarachnoid space contained an 
epidermal keratinized cyst, along with a 
few glands lined by columnar epithelium 
(Fig 4). 

Case 2.—This 3,800 gm male was born 
Feb 28, 1973, after an uneventful term 
pregnancy. Head circumference at birth 
was normal and measured 34 em. He did 
well until March 25, (3! weeks of age) 
when lethargy, poor feeding, and vomiting 
appeared. The head began to enlarge, and 
the fontanelle became tense. Air and 
pantopaque ventriculography showed hy- 
drocephalus, with an apparent obstruction 
in the fourth ventricle. A ventriculoperi- 
toneal shunt was inserted, but the head 
continued to enlarge to a circumference of 
43.5 em (greater than two standard devia- 
tions above the mean) a few days later. The 
baby had a high-pitched cry, skew devia- 
tion of the eyes, a fixed right pupil 
measuring 4 mm, and a reactive left pupil 
measuring 4 mm. The infant moved all 
extremities symmetrically, but there was 
episodic flexion jerking of the legs. Trans- 
illumination results were negative. 

Ventriculography was done through the 
anterior fontanelle. Initially, a pocket of 
viscid yellow fluid was encountered at a 
depth of 3 cm. Beneath this, clear, colorless 
CSF was obtained. The substance of the 
brain seemed abnormally firm and gritty. 
A second ventricular puncture on the oppo- 
site side uncovered a cavity containing 
watery brown fluid. The ventriculogram 
suggested the presence of a large axial 
mass that was confirmed by femoral 
angiography (Fig 5). Cytologic study of the 
CSF was reported to contain “malignant 
cells.” The neoplasm was considered to be 
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Fig 2.—Transected tumor from patient 1 showing multicystic character of neoplasm. 


nonresectable, and the baby died on April 
19, 1973, at 744 weeks of age. 

The infant appeared emaciated and 
weighed only 4,100 gm. The head was 
obviously enlarged and measured 45.5 cm 
in circumference. The anterior fontanelle 
bulged, the sutures were widely separated, 
and shunts and incisions from the previous 
surgical procedures were apparent. The 
fixed brain weighed 800 gm. The gyri were 
considerably widened and sulci narrowed 
as a consequence of severe ventricular dila- 
tion. An interhemispheric mass measuring 
7x 9x 10 cm extended both rostrally to 
the frontal lobe, encroaching on the left 
hemisphere and caudally into the posterior 
fossa. 

The tumor had a deeply hemorrhagic 
appearance and had both solid (fleshy and 
bony) and cystic regions. The histologic 
appearance of the neoplasm was similar to 
that described in patient 1, although 
mitotic figures were not noted. 


COMMENT 


Teratomas represent about 0.5% of 
all intracranial neoplasms, and al- 
though they are found most commonly 
among children, congenital examples 
are rare.’ Fifty-five neonatal tumors 
of this type have been reported in the 
world literature to date.** These 
tumors occur more commonly in the 
female in the neonatal period,’ but the 
sex predominance shifts to the male 
later in life.’ 


Congenital intracranial neoplasms 
usually produce an enlarging head or 
other signs of raised intracranial pres- 
sure? that may be due to hydroceph- 
alus secondary to tumor obstruction of 
the CSF pathways or to the bulk of the 
tumor alone. Infants with such enor- 
mous tumors are usually stillborn.‘ 
These tumors rarely cause convul- 
sions.” Appropriate radiographic 
studies show the tumor. Computer- 
ized tomographic scanning should 
allow earlier diagnosis of these rare 
neoplasms. Occasionally, tumor calci- 
fication may make the neoplasm 
visible on plain skull films. In the 
majority of cases, the correct diag- 
nosis is not made until necropsy.’ 
However, recurrent shunt insufficien- 
cy in an infant with hydrocephalus 
should raise the suspicion of a congen- 
ital neoplasm, if the more common 
problems causing shunt obstruction 
are ruled out. 

At the present, current treatment 
methods do not alter the dismal prog- 
nosis of infants with such tumors. 
Control of hydrocephalus is ordinarily 
attempted, but elevated CSF protein 
concentration frequently leads to re- 
current shunt obstruction of insuffi- 
ciency, and increasing tumor bulk 
may aggravate the raised intracranial 
pressure. Radiation therapy has been 
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Fig 5.—Case 2. Angiographic demonstra- 
tion of congenital teratoma with patho- 
logic vessels. Anteroposterior left carotid 
angiogram. 


suggested, but has seldom been em- 
ployed." The majority of infants with 
congenital intracranial neoplasms do 
not survive one year, and the two 
infants whom we report succumbed in 
less than three months. Perhaps 
advances in neurosurgical technique 
will alter the current grim outlook for 
infants with this generally fatal 
disease. Only one long-term survivor 
after neurosurgical removal of a 
neonatal intracranial teratoma has 
been reported,’ although surgery has 
been attempted in others.*:72 

` The gross and microscopic features 
of both tumors conformed to those 
classically described for teratomas. A 
modifying adjective of benign or 
malignant was purposely avoided, as 
it is difficult, if not impossible, to 
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determine true malignant behavior in 
congenital teratomas on the basis of 
histology alone. Willis™ points out, for 
example, that the presence of imma- 
ture tissues in a teratoma in an adult 
is clear evidence of its continued 
proliferation and probable malignan- 
cy, but that this does not necessarily 
apply to a similar growth in the fetus 
or young infant, whose own normal 
tissues are themselves still imma- 
ture. 

The finding of an epidermal, kera- 
tinized cyst along with a few glands 
lined by columnar epithelium in the 
thoracic spinal subarachnoid space in 
patient 1 raises a question whether 
the tissue was a drop metastasis, 
whether the neoplasm was of multi- 
centric origin, or alternatively, wheth- 
er this was a simple ectodermal inclu- 
sion cyst and perhaps a coincidental 
occurrence. Teratomas, like other cen- 
tral nervous system tumors, are capa- 
ble of spreading widely in the cere- 
brospinal pathway, and although the 
tissue in the subarachnoid space was 
well differentiated, it appeared no 
different from some portions of the 
primary neoplasm. It would seem 
unnecessary, therefore, to seriously 
consider one of the alternative possi- 
bilities, although there is no way in 
which they can be either ruled in or 
out. Identification of tumor in the 
spinal subarachnoid space, however, 
suggests that the growth was behav- 
ing like a malignant neoplasm, 
although histologically, benign tumors 
may also seed throughout the cere- 
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Fig 4.—Cyst lined by squamous epithelium in dorsal spinal 
subarachnoid space from patient 1 (hematoxylin-eosin, x 10). 


brospinal axis, ie, chromophobe adeno- 
ma of the pituitary. Although necrop- 
Sy examination of the second baby did 
not include the spinal cord, the iden- 
tification of “malignant cells” on cyto- 
logical study of the CSF suggests that 
subarachnoid spread may have oc- 
curred in this tumor as well. 
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Bony and Vascular Anomalies 


Their Possible Relation to Anencephaly 


David B. Frens, MD; Fred A. Ziter, MD; Patrick F. Bray, MD 


è This study links a midfacial anomaly 
in an 8-year-old boy, with underlying bony 
skull defects and abnormalities of the 
cerebral vasculature, with an earlier spon- 
taneous miscarriage and the subsequent 
birth of a frankly anencephalic sibling. We 
believe that the midfacial and vascular 
anomalies in the second child could 
represent a forme fruste of anencephaly, 
which should alert the physician to 
monitor subsequent pregnancies for the 
complete anencephalic phenotype. 

(Arch Neurol 34:508-51 0, 1977) 


Fig 1.—Frontal view of midfacial region, 
showing congenitally absent nasal bridge. 
Ptosis and miosis on left represent 


acquired partial Horner's syndrome. 
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fishes purpose of this report is to 
describe a peculiar coincidence of 
congenital malformations in infants 
born to the same parents. The moth- 
er’s first pregnancy ended in an early 
miscarriage, the third in the prema- 
ture delivery of a stillborn anence- 
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of the Head 


phalic infant (examined by a pathol- 
ogist), and the second in a child who 
exhibited multiple bony and soft 
tissue anomalies of the head. The 
family came to our attention when 
this child was referred to the Univer- 
sity of Utah Medical Center 
(UUMC). 

We propose that anencephaly may 
occur in a family when one of the 
children manifests certain bony and 
vascular abnormalities. Such observa- 


Fig 2.—Orbital tomogram of midfacial region. Cribriform plate (small arrow) is malformed 
and crista galli is absent (large arrowhead). Lesser sphenoid wings (large arrows) are 


sclerotic, and there is a defect in medial wa 





ae 

Se 

: oa > 
rays. 
a 


eis 
> - 


il of left orbit (small arrowhead). 


Anomalies of the Head—Frens et al 


TF rea ba EA wT 


tions could be important in genetic 
counseling. 


REPORT OF A CASE 


The patient is an 8-year-old boy whose 
mental and physical development appeared 
to be normal except for the striking 
absence of a nasal bridge. When he was 4 
years old, the family noted “drooping” of 
the left upper eyelid, but not until age 8 
was he referred for ophthalmological 
consultation. No history of serious mater- 
nal illness or drug intake could he elicited 
with any of the pregnancies. When the 
proband was 5 years old he was seen at the 
UUMC because of mild polyarthritis. He 
was found to have anemia and an elevated 
sedimentation rate. The rheumatology con- 
sultant made the diagnosis of juvenile 
rheumatoid arthritis (J RA) and instituted 
treatment for the succeeding three years, 
at which time he was examined because of 
ptosis. 

Physical examination showed a boy of 
normal intelligence with bilateral carotid 
bruits and a right simian palmar crease. 
His face (Fig 1) was characterized by an 
absent nasal bridge. He also had ptosis of 
the left upper lid and miosis of the left 
pupil that appeared to represent a partial 
Horner’s syndrome. Results of laboratory 
studies were normal except for a hemato- 
crit value of 32% and a sedimentation rate 
of 97 mm/hr (findings compatible with the 
earlier diagnosis of JRA). Orbital and axial 
tomography of the midfacial region dis- 
closed a malformed cribriform plate, 
absent crista galli, sclerosis of the lesser 
sphenoid wings, a defect in the medial wall 
of the left orbit (Fig 2), and malformed left 
pterygoid plates (Fig 3). In order to inves- 
tigate the orbital abnormalities, cerebral 
angiograms were performed; the left 
internal carotid artery initially had a 
normal diameter, but then became rapidly 
attenuated to a hypoplastic vessel that 
terminated in the left ophthalmic artery 
(Fig 4). Injection of the right common 
carotid artery revealed a discrete 50% 
stenosis of the right carotid siphon. The 
vertebral injection showed filling of the 
anterior and middle cerebral arteries by an 
extensive collateral network of vessels 
joining the vertebral to the anterior circu- 
lation (Fig 5). Cisternogram, pneumoen- 
cephalogram, and electroencephalogram 
were normal. 

We cannot be certain about the mecha- 
nism responsible for the Horner’s syn- 
drome, but we suspect that it may be 
related to the hypoplastic left internal 
carotid artery' or possibly to the bony 
anomalies of the orbit. We think that this 
patient’s JRA is an unrelated disorder. 
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Fig 3.—Axial tomogram of base of skull. Right medial and lateral pterygoid plates 
(arrows) are normal. Left pterygoid plates (arrowheads) are malformed. 


Fig 4.—Left common carotid arteriogram. Left internal carotid artery (arrows) is markedly 
reduced in diameter to a very hypoplastic vessel that terminates at left ophthalmic artery. 
There is no filling of either left middle or anterior cerebral artery from left internal carotid 
vessel. 
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Fig 5.—Vertebral artery injection shows that left middle and anterior cerebral arteries 
(small arrowheads) are filled through dilated collateral channels (large arrowhead) that 


join vertebral to anterior circulation. 


COMMENT 


This 8-year-old boy had multiple 
midline bony anomalies of the orbit, 
the skull, and the nasal bones as well 
as striking anomalies of both carotid 
blood vessels, which contribute to his 
anterior cerebral circulation. The 
mother’s two other unsuccessful preg- 
nancies ended in an early spontaneous 
abortion and in a frankly anencephalic 
fetus. We suggest that the living child 
may represent a “forme fruste” of the 
anencephalic state. 

Support for such an hypothesis 
stems from the similarity of the 
multiple bony defects seen in our 
proband to those described by Marin- 
Padilla? in his study of the bony 
abnormalities of the anencephalic 
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skull. Marin-Padilla’s study showed a 
wide variety of structural defects at 
the base of the anencephalic skull, the 
sphenoid bone being consistently the 
most severely malformed. Our pa- 
tient’s multiple bony anomalies are 
sufficiently similar to those found in 
the anencephalic skull to suggest that 
these defects represent a mild form of 
those seen in anencephaly. 

A second feature linking this child’s 
anomalies to anencephaly are the 
cerebrovascular defects. Vogel and 
McClenahan’ studied the cerebral cir- 
culation of five anencephalic children 
who had undergone autopsy and 
found major anomalies of the anterior 
circulation in each case. They con- 
cluded that anomalies of the major 
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cerebral arteries may be important in 
the pathogenesis of anencephaly. Our 
patient was found to have hypoplasia 
of the left internal carotid artery, 
which was patent only as far as the 
left ophthalmic artery, and stenosis of 
the right carotid siphon. Attenuation 
of major vessels is described in the 
anterior circulation of anencephalic 
children who have undergone autop- 
sy; this suggests that the cerebrovas- 
cular anomalies in our patient may 
represent a milder form of those seen 
in anencephaly. 

The final factor supporting a rela- 
tionship between our patient’s anoma- 
lies and the anencephalic state is the 
subsequent delivery of a stillborn 
anencephalic sibling. 

If our observations can be corrobo- 
rated by others, they could take on 
broader significance. Anencephaly 
(and its frequent associate, spina 
bifida with myelomeningocele) rep- 
resents the most catastrophic malfor- 
mation of the nervous system. Its 
presence in one child indicates a 
higher recurrence risk in subsequent 
pregnancies.** In recent years, much 
effort has been devoted to the prena- 
tal diagnosis of the anomaly, using 
both fetal ultrasonography’ and quan- 
titative estimation of a-fetoprotein 
levels in amniotic fluid and maternal 
blood.: It seems important, therefore, 
to be alert for the occurrence of 
incomplete forms of the anomaly so 
that subsequent pregnancies can be 
monitored carefully and the diagnosis 
established early, should intervention 
by the family and the physician be 
considered advisable.’ 


This investigation was supported in part by 
grants 5T1-NB5503 and 5T1-NB5307 and special 
fellowship SF11-NS2579 (Dr Frens) from the 
National Institutes of Health, by research grant 
RR-64 from the Public Health Service, and by the 
Eleanor Roosevelt Cancer Research Foundation. 


Anencephaly: Early ultrasonic diagnosis and 
active management. Lancet 2:1226-1227, 1972. 

8. Brock DJ, Sutcliffe RG: Alpha-fetoprotein 
in the diagnosis of anencephaly and spina bifida. 
Lancet 2:197-199, 1972. 

9. Seller JH, Campbell S, Coftart TM, et al: 
Early termination of anencephalic pregnancy 
after detection by raised alpha-fetoprotein levels. 
Lancet 2:73, 1973. 


Anomalies of the Head—Frens et al 


Moyamoya Disease 


Presenting as a Seizure Disorder 


A Case Report 


Bruce S. Schoenberg, MD, MPH; James F. Mellinger, MD; Devera G. Schoenberg, 


© This report of moyamoya disease 
presenting with vascular headaches and a 
seizure disorder in a young girl is, to our 
knowledge, unique in the world literature. 
The apparent rarity of this condition may 
reflect the infrequent use of cerebral 
angiography in investigating such symp- 
toms. 

(Arch Neurol 34:511-512, 1 977) 


Meee disease, characterized 
by stenosis of vessels in and 
around the Circle of Willis in associa- 
tion with a telangiectatic network of 
vessels emanating from the base of 
the brain, was first observed among 
the Japanese. The name of the condi- 
tion is derived from “a Japanese 
expression for something hazy just 
like a puff of cigarette smoke drifting 
in the air,” which describes the 
angiographic appearance of the ab- 
normal network of vessels. Childhood 
moyamoya disease presenting with 
seizures as the initial symptom is a 
rare phenomenon. Only three such 
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cases could be found in a review of 
published papers.** The child de- 
scribed in this report, in whom a 
seizure disorder and vascular-type 
headaches were the only neurologic 
manifestations of proved moyamoya 
disease, is, to our knowledge, unique 
in the world literature. 


REPORT OF A CASE 


This 7%4-year-old white girl was evalu- 
ated for recurrent stereotyped spells of 
fright and staring, followed by right hemi- 
paresis and aphasia. 

Past medical history showed that the 
pregnancy and delivery were normal, 
although the patient appeared to be 
slightly premature at birth. She had no 
serious illnesses, but suffered from fre- 
quent nasal discharge and sore throats, 
necessitating a tonsillectomy at the age of 
3% years. She had a history of mild head- 
aches, particularly when riding in a car. 
Other than these minor medical problems, 
the patient enjoyed good health until 
August 1974. At that time, after awak- 
ening from a nap, she appeared to be 
glassy-eyed and was unable to speak. She 
was also noted to have a right hemiparesis. 
Her speech returned to normal in a few 
minutes, and she complained of severe left- 
sided head pain. Both the headache and 
hemiparesis resolved in a few hours. 
Studies done at this time were negative 
except for an EEG that showed left-sided 
occipital slowing and the funduscopic 
finding of tortuous and dilated retinal 
vessels. Her physician prescribed ethosuxi- 
mide, 250 mg orally, twice daily. However, 
the patient continued to have brief 
episodes (lasting one to two minutes) of 
fright, staring, slight right-sided hemipa- 
resis, and a peculiar distant feeling, 
occurring mostly at night. In J anuary 1976, 
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she began experiencing vascular-type 
headaches. These were most severe over 
the left eye, commonly occurred either 
early in the morning or after awakening 
from a nap, and were often associated with 
nausea and vomiting. 

On March 9, 1976, the patient, after 
having a few minor spells, underwent a 
second EEG. It was during this EEG that 
she experienced a right-sided focal seizure, 
with both sensory and motor symptoms, 
immediately followed by a flaccid paralysis 
of the right upper extremity and aphasia. 
The EEG showed generalized severe 
slowing, greatest in the left hemisphere, 
but no spike activity. 

The patient continued having seizures, 
characterized by severe headache at the 
onset, followed by a feeling of strangeness, 
crying, hemiparesis of the right upper 
extremity, and slight right facial droop. 
Such episodes lasted about three minutes. 
No abnormal motor movements, inconti- 
nence, or complete loss of consciousness 
were associated with these spells. Pheny- 
toin (50 mg orally, three times daily) was 
prescribed. 

A computer-assisted transaxial tomo- 
gram and a lumbar puncture performed in 
late March 1976 were negative. However, 
bilateral carotid angiograms showed multi- 
ple segmental vascular occlusions in the 
upper carotid siphon bilaterally, with 
telangiectatic anastomoses. There was also 
severe stenosis and probable occlusion of 
the supraclinoid portion of the right 
internal carotid artery. Florid collateral 
circulation in the region of the basal gang- 
lia, with partial distal filling of branches of 
the middle cerebral arteries was also 
apparent. These findings were compatible 
with moyamoya disease. Further review of 
the angiograms showed an anastomotic 
network of vessels in the orbit with an 
enlarged right ophthalmic artery. This 
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artery was probably supplying a small 
vascular network in the region of the cribi- 
form plate. Details of the right carotid 
angiogram are illustrated in Fig 1 and 2. It 
is unusual to see the dural vessel noted in 
Fig 1 this early in the sequence of a normal 
arteriogram. The early appearance of such 
a vessel is compatible with the high grade 
of stenosis of the internal carotid artery 
shown in Fig 2. 

Findings of the general physical and 
neurological examination performed in 
mid-April 1976 were normal except for 
marked dilation and tortuosity of the 
retinal blood vessels detected by fundus- 
copy. Moreover, the patient has had no 
further seizures since phenytoin therapy 
was initiated. 


COMMENT 


Moyamoya disease has only recently 
been recognized as a clinical entity. It 
may manifest itself in a variety of 
ways, with symptoms of either 
ischemic or hemorrhagic cerebrovas- 
cular disease. The case reported here 
is unique in that the only neurologic 
manifestations are a seizure disorder 


Fig 1.—Lateral projection of right carotid arteriogram. ICA indicates internal carotid and vascular headaches. It may be 
artery; MM, telangiectatic network of vessels characteristic of moyamoya disease; and D, that the seizures have some origin 
dural vessel filling from external carotid system. 





other than the cerebrovascular dis- 
ease, but this possibility appears to be 
unlikely. 

Cerebral angiography is the only 
currently available method of diag- 
nosing moyamoya disease in the 


Fig 2.—Lateral projection (subtraction view) of right carotid arteriogram. Note stenosis of ss pavien t. The apparent es ny of 
internal carotid artery (ICA) and fine telangiectatic network of vessels (MM). Portion of this condition as suggested y the 
photograph to reader's right is anterior. paucity of case reports may simply 


reflect the relatively infrequent use of 
angiography to investigate cerebro- 
vascular disease in children. 

On the basis of this report, one must 
consider moyamoya disease as a possi- 
ble cause of seizures presenting in 
childhood. The probability of this 
phenomenon must await further clin- 
ical experience with this disorder. 
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Brief Communications and Clinical Notes 
EEE SEVIS AG ViMCal NOTES 


Recurrent Hypersomnia 


Secondary to Sleep Apnea 


è We present a case of recurrent hyper- 
somnia associated with episodes of 
falling. Historical, clinical, and laboratory 
data indicate that the condition was 
secondary to sleep apnea. Conservative 
treatment provided symptomatic relief, 
and should be considered in any patient 
with a similar presentation. 

(Arch Neurol 34:513-514, 1977) 


il are resulting from sleep dis- 
orders are not common, and their 
true etiology may not be immediately 
obvious. The term narcolepsy is usual- 
ly applied to recurrent episodes of 
uncontrolled drowsiness, followed by 
periods of sleep lasting for a few 
moments. The narcoleptic syndrome is 
characterized by such episodes of 
sleep and, in addition, cataplexy, sleep 
paralysis, and somnambulism, or some 
combinations of these phenomena. 
The symptoms of recurrent hyper- 
somnia without the other features of 
the narcoleptic syndrome may be 
caused by several pathological states, 
at least one of which has not received 
much attention in the neurological 
literature. This is a report of an 
unusual patient with severe hyper- 
somnia who came to us because of 
episodes of falling that were initially 
thought to be epileptic. The cause of 
the symptoms was believed to be sleep 
deprivation secondary to cerebral hy- 
poxia that occurred as the patient fell 
asleep and that was caused by upper 
airway obstruction. A brief review of 
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the literature of this and related sleep 
disorders is also included. 


REPORT OF A CASE 


The patient is a 66-year-old, right- 
handed woman who was admitted to the 
hospital because of recurrent episodes of 
falling. She was unaware of why she fell; 
her only recollection was that she would 
find herself on the floor. She sustained 
injuries on several occasions, including a 
fracture of her right arm. She was immedi- 
ately alert on awakening and had no 
postictal drowsiness or confusion. There 
was never tongue-biting or incontinence, 
and there was evidence that the periods of 
unconsciousness did not last more than one 
or two minutes. Most of these episodes 
occurred in the morning, shortly after she 
awoke to go to the bathroom. 

She complained of hypersomnia of five 
years’ duration, stating that she was 
constantly tired and not infrequently fell 
asleep while drinking coffee, occasionally 
burning herself. She was involved in two 
automobile accidents caused by falling 
asleep at the wheel. Her episodes of hyper- 
somnia increased in severity and frequen- 
cy, each episode of sleep lasting several 
minutes, and not followed by a sense of 
alertness. She further complained of 
decreased memory and increased irritabil- 
ity; this was corroborated by her family. 

She had been taking methylphenidate 
hydrochloride, 20 mg four times a day, for 
several years and thought that her symp- 
toms were worse without it. She had been 
told that she had narcolepsy. She did not 
describe cataplexy, sleep paralysis, or 
somnambulism. She was unaware of any 
problem with nocturnal sleep, except that 
she snored loudly. She had had diphtheria 
at age 3, and “lockjaw” several years later. 
She stated that these illnesses left her with 
a facial deformity for which several efforts 
at surgical correction had been made. The 
operations left her with left-sided facial 
paresis and partial upper airway obstruc- 
tion. 


Physical examination disclosed a moder- 
ately obese woman with normal vital signs. 
There was mild facial distortion, and a 
deformity of the jaw that inhibited normal 
mouth opening, making examination of the 
nasopharynx difficult. Her neck was short, 
with decreased range of motion in all direc- 
tions due to pain. Cardiopulmonary exami- 
nation was normal. There was ecchymosis 
of her right hip and arm. Neurological 
examination revealed her to be alert, 
cooperative, and garrulous, with impaired 
recent memory and judgment. She had a 
left-sided facial paresis and an old opera- 
tive sear anterior to the left ear. No other 
abnormalities were found. 

Initial laboratory data included normal 
blood cell count, serum electrolyte, fasting 
glucose, liver, and muscle enzyme levels, 
urinalysis, and EEG. A chest roentgen- 
ogram was normal except for a tortuous 
thoracic aorta. Her hospital course was 
characterized by drowsiness, sleepiness, 
and irritability during the day. She fell 
asleep twice in the bathroom after 
washing, falling to the floor on one occa- 
sion. She slept in a sitting position with her 
head completely flexed on her chest. This 
position appeared to obstruct her upper 
airway and she snored loudly. 

Though her waking EEG showed only 
mild, nonspecific abnormalities, a 54-hour 
EEG obtained during the night revealed 
that the patient would enter stage I sleep, 
begin state 2, and then snore loudly, cough, 
and awaken. This cycle recurred every 
minute or so for the entire period of the 
tracing. At no time was stage 2 sleep fully 
developed, and rapid eye movement sleep 
(REM) did not occur. The EEG was 
repeated during another night with similar 
results. 

Arterial blood gas levels were as follows: 
pH, 7.37; Pao., 67 mm Hg, and Paco.,, 46.4 
mm Hg. These values varied only slightly 
during wakefulness. During sleep, pH fell 
to 7.30, and the Pao, to 57 mm Hg, and the 
Paco, increased to 60 mm Hg. Pulmonary 
function studies were normal. An otorhino- 
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laryngologic consultant found no anatom- 
ical defect to account for the airway 
obstruction during sleep. 

The patient would not consider tracheos- 
tomy. Her sleep posture was then modified 
so that she slept relatively flat, with her 
neck partially extended by means of a 
cervical collar. Pseudoephedrine hydrochlo- 
ride was used in an effort to decrease 
nasopharyngeal mucus and mucosal edema. 
Arterial blood gases drawn during sleep on 
the third night of the above regimen 
showed substantial improvement: pH was 
7.48; Pao., 77 mm Hg; and Paco,, 43.6 mm 
Hg. A sleep EEG then showed that the 
patient had decreased episodes of wakeful- 
ness and periods of stage 3 and 4 and REM 
sleep activity. During the day, she was 
much less drowsy and spent most of her 
time awake. She was placed on a reduction 
diet and, though she found it difficult to 
accomodate to her new sleeping posture at 
home, her falling spells have not recurred 
and she has much less daytime sleepiness. 
After two weeks at home, a sleeping cap 
arrangement that tied around her chin and 
kept her mouth shut during sleep seemed 
to work as well as the cervical collar. 


COMMENT 


This patient demonstrates a type of 
sleep disorder that is caused by a 
respiratory abnormality. The unusual 
feature of her illness was the recur- 
rent falling, which we now assume to 
have been caused by her falling asleep 
in the upright posture. No epileptic 
activity was observed clinically or 
electrically. This case emphasizes the 
importance of looking for a respira- 
tory cause of simple narcolepsy when 
the other features of the narcoleptic 
syndrome are absent,” particularly 
since some of these patients may be 
greatly helped by surgical correction 
of upper airway obstruction or by 
adjustment of sleep posture. Sackner 
et al’ reported on 12 patients with 
periodic sleep apnea secondary to 
upper airway obstruction. All these 
patients had short, thick necks or 
large jowls or both. Sleep electroen- 
cephalograms showed decreased fre- 
quency and duration of REM sleep. 
They were sleep deprived, as mani- 
fested by daytime sleepiness, chronic 
fatigue, and personality changes, in- 
cluding hostility, irritability, and par- 
anoia. Some of these patients also 
showed systemic arterial hyperten- 
sion leading to cardiomegaly and 
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congestive heart failure. They were 
treated by weight reduction or tra- 
cheostomy or both. 

Simmons and Hill‘ described three 
patients with hypersomnia secondary 
to intermittent upper airway obstruc- 
tion during sleep. They were hypoxic 
and hypercapnic during sleep. Obesity 
was the only abnormality observed in 
two of the patients. The third patient 
had a deviated nasal septum and his 
sleep disorder disappeared after its 
correction. One patient was treated by 
tracheostomy, with immediate im- 
provement. Coccagna et al? described 
six patients with acquired micro- 
gnathia, secondary to childhood osteo- 
myelitis or fractures of the mandib- 
ular condyles. They described a syn- 
drome characterized by hypersomnia, 
periodic sleep apnea, and hypoven- 
tilation. They showed increased sys- 
temic and pulmonary arterial pres- 
sures and alveolar hypoventilation 
during the periods of apnea; however, 
the wake and sleep EEGs were 
normal, including normal percentages 
for nonrapid eye movement and REM 
sleep. Two of the patients were 
treated by tracheostomy, with com- 
plete disappearance of their symp- 
toms. 

The patient described in this report 
certainly had a degree of acquired 
micrognathia and there is no doubt 
that her sleeping posture, with asso- 
ciated neck flexion, accentuated the 
upper airway obstruction. Her sleep 
EEG abnormality offers an explana- 
tion for her hypersomnia," because it 
demonstrates that she never achieved 
REM sleep. Indeed, she never went 
beyond early stage 2 sleep, so that she 
was clearly deprived of any rest- 
producing sleep. The mechanisms 
whereby the cerebral hypoxia and 
arterial hypercapnia produce the 
above abnormalities are not known. 

Patients with the sleep deprivation 
syndrome caused by sleep apnea are 
quite different from the hypersomnia 
of so-called Pickwickian syndrome, 
which is associated primarily with 
obesity and is said to be caused by 
hypoventilation and hypercapnia. 
These patients are not sleep-deprived; 
their recurrent hypersomnia is 
thought to be a function of hyper- 
capnia that is known to cause cerebral 


vascular dilation and increased brain 
volume, and that may, per se, alter 
cerebral metabolic activity and 
change membrane permeability, as 
evidenced by the consistent alteration 
in cortical electrical activity. 

It should be emphasized that the 
syndrome of sleep apnea is not 
benign, as witnessed by the gross 
alteration in living pattern it pro- 
duced in our patient. In addition to 
hypersomnia, which is occasionally 
viewed as a social aberration, these 
patients show signs of disturbances of 
mentation, including memory and 
judgment defects and personality 
changes. Pulmonary hypertension and 
congestive heart failure may also 
develop. In clear circumstances, tra- 
cheostomy may provide dramatic im- 
provement, but other measures, less 
dramatic and more conservative, may 
also be effective. 

The causes of most sleep disorders 
remain obscure. These include the 
narcoleptic syndrome, night terrors, 
somnanbulism, enuresis, insomnia, 
and the dramatic Klein-Levin syn- 
drome. All are associated with EEG 
abnormalities during sleep, but it is 
not known if these abnormalities 
simply reflect the altered sleep behav- 
ior or denote a primary metabolic and 
electrical lesion.’ There is a general 
concensus that individuals deprived of 
REM sleep are not rested and suffer 
behavioral abnormalities, and that 
would appear to be the basis of our 
patient’s symptoms. This case reem- 
phasizes the point that some instances 
of hypersomnia may have a very 
simple mechanical cause, and are cura- 
ble. 
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Carotid Stenosis and Coexisting 
Ipsilateral Intracranial Aneurysm 


A Problem in Management 


Harold P. Adams, Jr, MD 


è A patient treated by surgical correc- 
tion of carotid stenosis later died of sub- 
arachnoid hemorrhage from rupture of a 
previously asymptomatic ipsilateral cere- 
bral aneurysm. When the two conditions 
coexist, the increase in blood flow result- 
ing from repair of the stenosis may 
promote rupture of the higher aneurysm. 

(Arch Neurol 34:515-516, 1977) 


a gee aan: use of extracranial 
and cerebral angiography has 
brought the problem of an asympto- 
matic intracranial aneurysm coexist- 
ing with symptomatic carotid stenosis 
to clinical attention. The following 
case report illustrates the therapeutic 
dilemma that may ensue from the 
attempt to manage both conditions. 


REPORT OF A CASE 


An 84-year-old, right-handed woman 
was admitted to the University of Iowa 
Hospitals in February 1976 for an episode 
of right amaurosis fugax and transient left 
hemiparesis. 

Findings of the neurological examina- 
tion were normal. A cardiac systolic ejec- 
tion murmur was heard. Her blood pres- 
sure was 150/90 mm Hg in both arms. 
Strong pulses were palpable in the neck 
and arms, and bruits were heard over the 
carotid, subclavian, and femoral arteries on 
both sides. A Doppler sonographic exami- 
nation showed no change in flow, with 
compression of the facial and superficial 
temporal arteries. A right transaxillary 
arch aortogram demonstrated marked 
irregularity of the right carotid bifurcation 
and origin of the internal carotid artery 
and marked stenosis of the left carotid 
bifurcation. Severe stenotic lesions of the 
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left subclavian, left vertebral, and brachio- 
cephalic arteries were also present. An 
incidental 5 x 10-mm left internal carotid- 
posterior communicating junction aneu- 
rysm was seen (Figure). After angiogra- 
phy, expressive aphasia developed. 

The surgeon elected to alleviate the left 
carotid stenosis. An atherosclerotic plaque, 
3cm in length, was removed at the time of 
left carotid endarterectomy. The vascular 


lumen had not been completely compro- 
mised and at the time of endarterectomy, 
back pressure was 32 to 29 mm Hg, while 
systemic pressure was 198/76 mm Hg. The 
aphasia gradually resolved. 

She was well until September 1976, when 
she was found in coma. No cephalic 
reflexes or response to pain could be 
elicited. She died on the day of admis- 
sion. 


Marked left carotid artery stenosis (short white arrow), right carotid bifurcation irreg- 
ularity (black arrow), and coincidental aneur 
raphy in February 1976. 


ysm (large white arrow) seen on angiog- 
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Necropsy disclosed a ruptured 
1.4 x 1.0 x 1.0-cm aneurysm arising from 
the junction of the left posterior communi- 
cating and internal carotid arteries, corre- 
sponding to the aneurysm visualized on 
angiography. Another small, unruptured 
2-mm aneurysm was discovered arising 
about 0.5 em proximal to the middle cere- 
bral trifureation on the right side. Moder- 
ately severe, scattered atherosclerotic le- 
sions were seen in the circle of Willis. A 
small cystic infarction in the left parieto- 
occipital junction was believed to be at 
least two months old. 


COMMENT 


Cerebral aneurysms are inciden- 
tally discovered at autopsy in about 
5% of adults.' The therapy of patients 
with aneurysms arising on the inter- 
nal carotid or posterior communicat- 
ing artery includes common or inter- 
nal carotid ligation as well as a direct 
surgical approach. The rationale for 
carotid ligation has been to reduce 
peak arterial pressure and turbulence 
in the aneurysm.’ Ferguson” proved 
that mean aneurysmal pressure is 
pulsatile and equal to the systemic 
pressure. He has also postulated that 
turbulence leads to dilation and even- 
tually to rupture of the aneurysmal 
sac.’ 

After carotid ligation, Tindall et al” 
found immediate distal pressure re- 
duction averaging 50% and a sus- 
tained reduction in the magnitude of 
25% to 30%. Even a sustained reduc- 
tion of less than 25% was sufficient to 
produce reduction in size or nonvisual- 
ization in 75% of the aneurysms.*° 

Carotid stenosis, in which the lumi- 
nal radius is less than 50% of normal, 
produces a decrease in blood flow and 
distal pressure.** It is not known to 
what degree carotid stenosis protects 
a distal aneurysm nor to what extent 
surgical reconstruction might aggra- 
vate the risk of rupture. 

Gurdjian et al’ and Nofzinger et al'° 
all reported a patient in whom a 
second carotid aneurysm developed 
after contralateral carotid ligation 
originally done for an aneurysm on 
that side. Jaffe and McHenry" de- 
scribed a 70-year-old woman who 
suffered a ruptured right internal 
carotid aneurysm that became mani- 
fest ten years after a left internal 
carotid occlusion. Altered hemody- 
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namics, increased blood flow, and 
increased blood pressure were postu- 
lated as mechanisms that might have 
accelerated the increase in size of 


aneurysms. 

Pool and Potts? discussed the 
management of intracranial aneu- 
rysms complicated by carotid stenosis. 
Stenosis with reduced blood flow 
increases the risk of aneurysm sur- 
gery and it also suggests widespread 
cerebral atherosclerosis. They recom- 
mended endarterectomy prior to the 
surgical treatment of the aneurysm. 
However, they cited a case in which, 
although the endarterectomy was suc- 
cessful, the patient died of recurrent 
subarachnoid hemorrhage. In 1970, 
Portnoy and Avellanosa’’ reported a 
patient with subarachnoid hemor- 
rhage and cerebral ischemic symp- 
toms secondary to carotid stenosis. 
They followed the recommendations 
of Pool and Potts and relieved the 
carotid stenosis before treating a 
contralateral carotid aneurysm. The 
same year, Fields and Weibel" de- 
scribed four patients with internal 
carotid artery stenosis and coinci- 
dental cerebral aneurysm. Two of 
these patients had transient ischemic 
attacks, carotid stenosis, and ipsilat- 
eral cerebral aneurysm. They treated 
both only with endarterectomy and 
then observed the aneurysms with 
serial angiography. They concluded 
that the risk of carotid reconstructive 
surgery in the presence of an unrup- 
tured asymptomatic intracranial 
aneurysm was minimal. 

Denton and Gutmann” successfully 
treated surgically both symptomatic 
carotid stenosis and ipsilateral middle 
cerebral aneurysm. Recently, Shou- 
maker et al reported a patient with 
carotid stenosis and three asympto- 
matic aneurysms, in whom only the 
stenosis was corrected. They reported 
no change in the aneurysms during 
follow-up angiography. 

The patient described in this report 
presented another example of coexist- 
ing aneurysm and ipsilateral carotid 
stenosis. Unfortunately, after relief 
of the stenosis, the intracranial aneu- 
rysm ruptured. The risk of serious 
surgical morbidity tempers considera- 
tion of intracranial surgery of an 
asymptomatic lesion in an elderly 





patient. The indications for carotid 
endarterectomy are well established, 
the surgical mordibity is low, and the 
results are generally satisfactory. 
However, the altered hemodynamics 
created by endarterectomy must be 
considered in the subsequent decision 
to treat a higher asymptomatic aneu- 
rysm when ipsilateral to the carotid 
stenosis. Routine angiographic follow- 
up studies may not be adequate, and a 
more aggressive approach in regard to 
the aneurysm may be warranted. 
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Letters to the Editor 


Why Anomalies of the CSF 
Circulation Are So Common 


To the Editor.—In describing myelo- 
cele more than two centuries ago, 
Morgagni stated that these “watery 
tumors” of the vertebrae result from 
the pressure of fluid descending from 
the hydrocephalic head through the 
tube of the spine where it presses the 
bones asunder. Von Recklinghausen 
in 1886 examined the lesion with his 
microscope and found it to be an open 
neural tube. Therefore, he concluded 
that it resulted from failure of the 
neural tube to close. Since then, his 
theory has been almost uniformly 
accepted. Most teratologists have 
based their studies on this concept, 
despite the fact that increasing evi- 
dence has accumulated to sustain 
Morgagni’s earlier concept. One needs 
only to read Weed’s (1917) Develop- 
ment of the Cerebrospinal Fluid 
Spaces in Pig and Man to find the 
explanation for each and everyone of 
the so-called “dysraphic states.” This 
brilliant and now almost unobtainable 
classic should be republished. 

The brain originates as and remains 
a multilayered epithelial organ. The 
primary function of ectoderm is to 
form a covering of skin impermeable 
to protein, a function that the brain 
retains. The CNS develops as a thick- 
ening of this ectodermal layer, which 
deepens to form the neural groove, 
which in turn closes. In so doing, the 
former external layer of this epithelial 
organ becomes its internal layer. 
After closure, blood vessels in the 
surrounding mesoderm, whose pur- 
pose is to nourish the basal cell layer 
of skin, invaginate into the lumen of 
the closed neural tube to form the 
choroid plexus, taking with them a 
connective tissue stroma. In function, 
therefore, the ependymal layer cover- 
ing the choroid plexuses behaves as 
does the basal cell layer of skin in that 
it furnishes an in vivo tissue culture 
medium to nourish the succeeding cell 
layers. In so doing, this covering holds 
back the passage of plasma protein 
while allowing all smaller constituents 
in the blood plasma to pass into the 
ventricular fluid. The work of produc- 
ing this protein-free ultrafiltrate is 
made easier because the ependymal 
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layer is furnished a protein diluted 
filtrate of plasma in the form of inter- 
stitial fluid (formerly known as Star- 
ling’s flow), which escapes from all 
capillaries within a connective tissue 
stroma. 

As soon as the neural tube closes, it 
becomes distended with a protein- 
aceous fluid. With the initial ap- 
pearance of the posterior choroid 
plexus, the protein content of this 
primitive CSF rapidly becomes di- 
luted, but the expansion of the lumen 
of the neural tube continues, resulting 
in a physiologic degree of internal 
hydrocephalomyelia. A portion of the 
rhombic roof cephalad to this plexus 
immediately becomes permeable, con- 
stituting Weed’s area membranacea 
superior (AMS). With the appearance 
of the anterior choroid plexuses, the 
rate of distention increases still more 
and a second permeable area caudal to 
the posterior choroid plexus becomes 
permeable, Weed’s area membranacea 
inferior (AMI). Almost simultaneous- 
ly the AMS begins to thicken to form 
the anterior and posterior medullary 
vela and cerebellum, whereas the AMI 
becomes increasingly permeable. The 
pressure of the secretion of the 
choroid plexus pushes it through this 
permeable area whence it dissects 
open the subarachnoid space. This 
space is a phylogenetic artifact; phylo- 
genetic in that it is not present in 
early vertebrates and artifactual in 
that it is an unlined passageway that 
is dissected open in the paraxial meso- 
derm by the hydrodynamic pressure 
of the secretion of this epithelial 
organ. 

As this protein-poor ependymal se- 
cretion enters the ventricles, it passes 
between the cells of the lining epen- 
dyma. It then continues into the inter- 
cellular spaces of the subsequent cell 
layers, which contain miles of paren- 
chymal capillaries. These protein- 
tight capillaries furnish added nu- 
trients to the intercellular fluid whose 
bulk has been formed by the choroid 
plexuses. It has been estimated that 
water molecules diffuse into and out 
of capillaries at a rate that is 40 times 
the rate of their linear flow. There- 
fore, although the choroid plexuses 
provide the bulk of this fluid, its 


nutrients are continuously being re- 
placed by diffusion from the paren- 
chymal capillaries. 

That this phylogenetically new 
“third circulation” should get into 
trouble is a foregone conclusion. If the 
increasing permeability of the rhom- 
bic roof does not keep pace with the 
production of ventricular fluid, a 
pathologic degree of the physiologic 
internal hydrocephalomyelia results. 
The most bulging portion of the 
embryonal neural tube is its mesen- 
cephalon. Because of its large radius 
and in accordance with the law of 
Laplace, the tangential tension is 
greater here than elsewhere. There- 
fore, this is the place where rupture at 
the seam is most likely to occur. The 
result is exencephaly, which pro- 
gresses to death of the embryo or to 
anencephaly. The next most likely 
place for rupture is the caudal end, 
which closes a day later than the ante- 
rior neuropore. At the moment of its 
closure, therefore, this is the weakest 
portion of the seam. Although smaller 
in radius than the mesencephalon, it 
may rupture in response to the 
tangential tension. The result is 
myelocele. 

As stated above, the subarachnoid 
space first develops at the level of the 
rhombic roof and from there it pro- 
gresses both in a cephalad and caudad 
direction. Weed has shown that the 
precursors of the arachnoid villi in the 
sagittal sinus become permeable even 
before the spinal subarachnoid space 
has been entirely dissected open. If 
this permeability at the sagittal sinus 
is insufficient, back pressure may 
build up and cause a local ballooning 
of the subarachnoid space. The result 
of this localized external hydrocepha- 
lomyelia is a meningocele, either 
cranial or spinal. As the overlying 
primitive skin stretches, its increased 
radius relieves the increased pressure 
so that compensation occurs and the 
lesion does not rupture. 

W. J. GARDNER, MD 
Cleveland Clinic 
9500 Euclid Ave 
Cleveland, OH 44106 


Spontaneous Dissecting Aneurysm 


To the Editor.—In the April 1977 issue 
of the ARCHIVES (34:251, 1977), Drs 
Roome and Aberfeld state in their 
article entitled “Spontaneous Dissect- 
ing Aneurysm of the Internal Carotid 
Artery” that there are “no distinctive 
clinical features” of the problem. 
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Their clinical resume describes the 
patient as having "experienced sud- 
den sharp pain in the left ear after 
blowing her nose.” I have seen two 
unreported cases of spontaneous dis- 
section of the internal carotid artery, 
and both patients complained of 
sudden, severe pain at the angle of the 
mandible and in the ear. This pain 
may represent a distinctive clinical 
feature. 

Both of these patients had transient 
ischemic episodes as a result of the 
dissection. One patient was operated 
on, did well for 24 hours, and then a 
dense hemiparesis developed second- 
ary to another dissection that oc- 
curred at the site of surgical clamping. 
Immediate operation did not help her. 
She had had a spontaneous dissection 
in the opposite carotid four years 
before. The other patient had tran- 
sient ischemic episodes for several 
days after the dissection. The dissec- 
tion was demonstrated by arteriogra- 
phy. Her condition stabilized without 
neurological deficit. She was not 
operated on and is doing well three 
years later. Drs Roome and Aberfeld 
state that “those patients managed 
surgically have recovered without 
complications.” The possibility of fur- 
ther dissection after surgery due to 
trauma to a diseased vessel has to be 
guarded against by gentle handling of 
the vessel. If the patient’s condition 
seems to have stabilized at the time 
the diagnosis is made, the patient can 
be treated quite well without sur- 
gery. 

W. B. MAYER, JR, MD 

Atlanta Neurological Clinic, PC 
25 Prescott St NE 

Atlanta, GA 30308 


In Reply.—Dr Mayer brings attention 
to what may be an important diag- 
nostic observation—sudden and severe 
pain in the ear and at the angle of the 
mandible—prompting the clinician to 
seek angiographic evaluation of the 
extracranial vessels. 

The problem clinically concerns sta- 
bilization occurring without perma- 
nent damage. The degree of sudden 
occlusion varies and may increase 
with concomitant blood pressure ele- 
vation. Blood pressure reduction 
might well close the narrowed vessel 
completely. Surgical intervention re- 
mains curative, aside from technical 
errors, and should be employed. 

N. S. ROOME, Jr, MD 
130 E 77th St 
New York, NY 10021 
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Paralytic Brachial Neuritis After 
Swine Flu Vaccination 


To the Editor.—Paralytic brachial neu- 
ritis is a well-defined clinical entity 
with a typical pattern of signs and 
symptoms.' It may occur after viral 
infections," use of foreign sera,‘ or 
inoculation.** Thus, it is not surpris- 
ing, considering the magnitude of the 
American swine flu immunization 
program, that such a complication was 
observed. 


Report of a Case.—A 57-year-old healthy 
man received a needle injection of swine 
flu vaccine (monovalent) in the left deltoid 
region (lot 48826) on Dec 5, 1976. Within 17 
hours, he noted discomfort in the right 
wrist, which became slightly swollen. On 
Dee 9, he noted weakness of both upper 
extremities, with some pain. Symptoms 
persisted in varying degree until Dec 12 
when the left wrist appeared swollen and 
stiff. Symptoms progressed so that on Dec 
14 the patient was hospitalized because of 
pain and paralysis of the upper extremi- 
ties. Examination disclosed profound, sym- 
metrical weakness of the deltoids, supra- 
spinati and infraspinati, and biceps, with 
mild to moderate weakness of the triceps, 
wrist extensors, and finger flexors. Leg 
and neck muscles were strong. There was 
no sensory alteration, atrophy, nor skin 
discoloration. The reflexes were active in 
all extremities. Findings from the remain- 
der of the examination were normal. Labo- 
ratory studies revealed an initial WBC 
count of 9,300/eu mm, with normal differ- 
ential. Findings from automated blood 
chemistry analysis, ESR, antinuclear anti- 
bodies, electrolytes, thyroid functions, pro- 
tein electrophoresis, urinalysis, and coagu- 
lation studies were normal. Creatinine 
phosphokinase level, ECG, and radiographs 
of the chest, shoulder, and neck were 
normal. Lumbar puncture disclosed no 
cells, glucose concentration of 88 mg/100 
ml, and protein concentration of 48 mg/100 
ml. Cultures were sterile. Monospot test 
was negative. Nerve conduction velocities 
with stimulation over proximal and distal 
segments of the median and ulnar nerves 
and recording of evoked action potentials 
in the opponens pollicis and hypothenar 
eminence revealed slowing across the left 
brachial plexus for the median and ulnar 
nerves, but was normal on the right. 
Electromyographic findings included ex- 
cess polyphasic activity with poor recruit- 
merit patterns. Corticosteroids were ad- 
ministered and within 48 hours consid- 
erable improvement in strength was 
evident. However, within two weeks appre- 
ciable atrophy was observed around both 
shoulder girdles, and weakness, although 
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improved, was still evident in the upper 
extremities. Electromyography at this 
time revealed fibrillation potentials at rest 
in both upper extremities in fifth and sixth 
cervical root distribution. 

Comment.—Irrespective of the vac- 
cine used in immunization, reactions 
occur and brachial neuritis is fre- 
quently seen.’ Pain at the onset is 
usually the predominant symptom, 
with the appearance of weakness 
either coincident or after a variable 
period of time. Characteristically, 
plexus involvement is manifested by 
paralysis or paresis of the muscles 
supplied by the fifth and sixth cervical 
roots, unilaterally or bilaterally. A 
more widespread brachial plexus in- 
volvement can occur, and atrophy can 
be found. In this case, the disease 
process appeared to be restricted to 
the brachial plexus. The lack of radic- 
ular pain, absence of neck discomfort, 
and normal CSF suggest absence of 
nerve root involvement. Nerve con- 
duction slowing across the brachial 
plexus also confirms involvement in 
this location. Others have demon- 
strated slowing in the unaffected 
limb.’ 

The cause of paralytic brachial 
neuritis usually is considered to be a 
postinfectious reaction or a reaction 
secondary to an allergic or hypersensi- 
tivity response. In other cases, genetic 
predisposition is suggested. Despite 
the various causes, the prognosis for 
clinical improvement is usually good, 
although a number of patients demon- 
strate residual weakness and atro- 
phy. 

M. I. WEINTRAUB, MD 
D. T. S. CHIA, MD 

15 Quaker Ln 
Chappaqua, NY 10514 
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National Epilepsy Conference.—The 
Epilepsy Foundation of America an- 
nounces a major national conference 
to introduce the final report of the 
Commission for the Control of Epilep- 
sy and its Consequences to the epilep- 
sy movement. The conference will be 
held Aug 29 through 31, 1977, at the 
Conference Center of the University 
of Maryland, College Park, Md. 

Lay and professional leaders and 
those responsible for the report will 
engage in an in-depth analysis of the 
report, which will just have been 
released. Participants will discuss im- 
plementation of the Commission’s 
recommendations. For further details 
write to Epilepsy Foundation of 
America, 1828 L St NW, Washington, 
DC 20036. 


New Chairman of Neurology at Ten- 
nessee.— Albert Frank Heck, MD, has 
been named chairman of the Depart- 
ment of Neurology at the University 
of Tennessee College of Medicine, 
effective July 1, 1977. Dr Heck is 
currently professor in the Department 
of Neurology at the University of 
Maryland School of Medicine in Balti- 
more. In addition to serving on the 
faculty of the University of Maryland 
since 1964, he is also director of the 
Stroke Clinic at the University of 
Maryland Hospital and coordinator of 
Cerebrovascular Research Programs 
for the University of Maryland Pro- 
fessional Schools. 


Neuroradiology Seminar.—The Neu- 
roradiology Section of the University 
of Texas Health Science Center at 
Dallas will present a seminar, “Neuro- 
radiology—With Emphasis on CT 
Scanning and Clinical Practice,” on 
Oct 21 through 23, 1977, at the Fair- 
mont Hotel in Dallas. The seminar 
material will consist of all aspects of 
neuroradiology, including computer- 
ized tomographic (CT) scanning, an- 
glography, myelography, tomogra- 
phy, and radioisotope scanning. For 
further information write Mary 
Ryals, Department of Radiology, 
Parkland Memorial Hospital, 5201 
Harry Hines Blvd, Dallas, TX 75235. 
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Neurosurgery/New York City 1977.— 
The Medical Schools of New York City 
announce a new approach in postgrad- 
uate education: Neurosurgery/New 
York City 1977 to be held Nov 28 to 
Dec 1, 1977, at New York University 
Medical Center. The program will 
combine the resources and the facul- 
ties of the seven medical schools in 
New York City. Subjects have been 
selected for their relevance to the 
general practice of neurosurgery, 
their timeliness, and, in some cases, 
their controversial nature. For infor- 
mation contact the Office of the Asso- 
ciate Dean, Registration Department, 
NYU Post-Graduate Medical School, 
550 First Ave, New York, NY 10016; 
telephone (212) 679-3200, x4038. 


Seminar on Acoustic Neuromas and 
Skull Base Tumors.—A four-day semi- 
nar on acoustic neuromas and skull 
base tumors, directed by William F. 
House, MD, and William E. Hitsel- 
berger, MD, will be held Feb 28 
through March 3, 1978. Leading spe- 
cialists will present lectures on the 
latest concepts, techniques, and areas 
of controversy. For further informa- 
tion, address communications to Wil- 
liam F. House, MD, Ear Research 
Institute, 256 S Lake St, Los Angeles, 
CA 90057; telephone (213) 483-4431. 


Notes From NINCDS 


Team Recommends NIH Peer Review 
Changes.—Changes in the National 
Institutes of Health (NIH) grants 
peer review process have been recom- 
mended by the agency’s Grants Peer 
Review Study Team, according to 
NIH Director Donald S. Fredrickson. 
Among the recommendations of the 
Study Teams were (1) the estab- 
lishment of a formal NIH Grants Peer 
Review Appeals System, including an 
ombudsman to be appointed by the 
NIH Director, and (2) periodical 
announcement of upcoming vacancies 
on Initial Review Groups. 

Approved Grant Funding Low at 
NINCDS.—The NINCDS funding of 
approved grants will remain low and 
perhaps decline further in fiscal year 
1977 if current trends continue. In 
fiscal year 1976, NINCDS awarded 
funds to 32% of those competing 
grants approved during scientific re- 
view (276 of 855). This percentage of 
funding put NINCDS among the 
bottom four institutes of the 13- 


component NIH. Some of the top nine 
institutes funded almost double the 
percentage of approved grants (the 
National Heart, Lung, and Blood 
Institute funded 57% in fiscal year 
1976, for example). 

Only minor changes are expected 
for fiscal year 1977. Since the recom- 
mended budget this year for NINCDS 
contains only a 4% increase (from $155 
to $161 million—not enough to keep up 
with inflation), NINCDS will be able 
to fund an estimated 20% to 25% of 
approved competing proposals. Al- 
though funding is tight, young inves- 
tigators (assistant professors and in- 
structors) working in the neuro- 
sciences have as good a chance or 
better of obtaining funding as senior 
investigators (professors and asso- 
ciate professors), according to studies 
made by the various institutions. 

Stroke and Trauma Training 
Awards.—The NINCDS Stroke and 
Trauma Program is interested in - 
stimulating the recruitment and 
training of academicians and clinical 
investigators in the areas of the cere- 
brovascular disorders and nervous 
system trauma. The NINCDS Teach- 
er-Investigator Award Program ac- 
complishes this by providing five 
years of stipend support to junior 
investigators with at least three 
years, but generally no more than six 
years, of postdoctoral training or 
experience. Applications can be ob- 
tained from the NINCDS Extramural 
Activities Program, Federal Building, 
Room 8A-08A, 7550 Wisconsin Ave, 
Bethesda, MD 20014. 

Symposium on Head Injuries.— 
NINCDS contractees will sponsor a 
symposium on head injuries in Glas- 
gow, Scotland, on Oct 20 and 21, 1977. 
Details are available from the Honor- 
ary Secretary, Royal College of Physi- 
cians and Surgeons, 242 St Vincent St, 
Glasgow G2 5RJ, Scotland, or from 
Prof Bryan Jennette, Institute of 
Neurological Sciences, Southern Gen- 
eral Hospital, Glasgow G51 4TF, Scot- 
land. 

November Symposium on Antiepilep- 
tic Drugs.—An international sympo- 
sium entitled “Mechanisms of Action 
of Antiepileptic Drugs” will be held on 
Nov 17 through 19, 1977, in St. Louis. 
It is sponsored by NINCDS and the 
NIH Epilepsy Advisory Committee. 
Direct inquiries to Mechanisms of 
Action AED Symposium, NIH/ 
NINCDS/Epilepsy Branch, Federal 
Building, Room 114, Bethesda, MD 
20014. 
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New Diplomates of the American 
Board of Psychiatry and Neurology.— 
The following were certified by the 
Board after its examinations in Wash- 
ington, DC, on April 18 and 19, 1977. 


Neurology 


Achari, Amrit N., MD 
Houston 

Adams, David J., MD 
Paramus, NJ 

Adams, Harold P., Jr, MD 
Iowa City 

Barnett, Leslie B., MD 
Laurel, Md 

Bertorini, Tulio E., MD 
Rockville, Md 

Brown, H. Winston, MD 
Shreveport, La 

Charney, Jonathan Z., MD 
New York 

Chipman, Martin, MD 
Aberdeen Proving Ground, Md 

Dentinger, Mark P., MD 
Albany, NY 

Durham, Cecil T., Jr, MD 
Asheville, NC 

Faden, Alan I., MD 
Rockville, Md 

Fellman, Damon M., MD 
Cresskill, NJ 

Feussner, George G., MD 
Gainesville, Fla 

Foley, Kathleen M., MD 
New York 

Furlow, Thomas W., Jr, MD 
Wheaton, Md 

Goldberg, Michael E., MD 
Washington, DC 

Graves, Michael C., MD 
New York 

Grindal, Alan B., MD 
Richmond, Va 

Hallett, Mark, MD 
Boston 

Hennessey, Kevin, N., MD 
College Park, Md 

Herzog, Andrew G. MD 
Sudbury, Mass 

Johnson, William G., MD 
Riverdale, NY 

Joseph, Barry S., MD 
Lexington, Ky 

Kassirer, Marilyn R., MD 
Allston, Mass 

King, Don W., MD 
Kensington, Md 

Kinosian, Mary Jane, MD 
Saratoga Springs, NY 

Knep, Stanley J., MD 
Fairlawn, NJ 
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Krumholz, Allan, MD 
Baltimore 

Kucera, Jan, MD 
Bethesda, Md 

Kula, Roger W., MD 
Gaithersburg, Md 

Lossing, John H., MD 
Bethesda, Md 

Mack, Bruce J., MD 
New York 

Mendelsohn, Frederic A., MD 
Port Jefferson, NY 

Mian, Bilal A., MD 
Bridgewater, NJ 

Miller, Aaron E., MD 
Baltimore 

Nibbelink, Donald W., MD 
Lansdale, Pa 

Orr, Linda S., MD 
Philadelphia 

Pagani, Luis F., MD 
Cincinnati 

Palmer, Elliott P., Jr, MD 
Wellesley, Mass 

Passidomo, Michael A., MD 
Clearwater, Fla 

Pessin, Michael S., MD 
Boston 

Pleet, A. Bernard, MD 
Rockville, Md 

Polsky, Michael, MD 
San Antonio, Tex 

Prot-Wald, Janina, MD 
Lexington, Mass 

Radvany, Joao, MD 
Newtonville, Mass 

Restak, Richard, MD 
Washington, DC 

Ribo, Jose M., MD 
Barcelona, Spain 

Roomet, Andres, MD 
Hinesburg, Vt 

Rosen, Steven L., MD 
Boston 

Rosenbaum, David H., MD 
New York 

Rosh Tig, Stephen J., MD 
Wyckoff, NJ 

Salon, Matthew C., MD 
Manchester, Mich 

Sato, Susumu, MD 
Rockville, Md 

Schoenberg, Bruce S., MD 
Bethesda, Md 

Schwendimann, Robert N., MD 
Memphis 

Shapiro, Howard D., MD 
Akron, Ohio 

Sherrod, Glenn M., DO 
St Louis 

Shor, Lawrence D., MD 
Washington Crossing, Pa 

Steinmetz, Edward, MD 
Fort Myers, Fla 





Stoudt, Donald E., MD 
West Reading, Pa \ 

Suhl, Michael, MD 
Berkeley Heights, NJ 

Terry, L. Cass, MD 
Quebec 

Thaker, Harish, MD 
Fort Myers, Fla 

Trahant, Daniel J., MD 
New Orleans 

Vas, George A., MD 
Brooklyn Heights, NY 

Waxman, Stephen G., MD 
Newton Center, Mass 

Welch, Ronald G., MD 
Belleville, Ill 

Wright, Elizabeth A., MD 
Lexington, Ky 

Yu, Mario K., MD 
Overland Park, Kan 

Yurdin, James M., MD 
New York 

Zaias, Barbara W., MD 
Brookline, Mass 


Child Neurology 


Bergen, Barry J., MD 
Overland Park, Kan 

Cook, Jay D., MD 
Dallas 

Ellison, Patricia, MD 
Albany, NY 

Emery, Edward S. III, MD 
South Burlington, Vt 

Kaul, Surrendra, MD 
West Caldwell, NJ 

Kremenitzer, Martin W., MD 
Newtown, Conn 

Krishnamoorthy, Kalpathy, MD 
Boston 

Lott, Ira T., MD 
Sharon, Mass 

Monreal, F. Javier, MD 
Syracuse, NY 

Myer, Edwin C., MD 
Richmond, Va 

Naidu, Sakkubai, MD 
Glen Ellyn, Il 

Nordgren, Richard E., MD 
Hanover, NH 

Pettegrew, Jay W., MD 
Portsmouth, Va 

Platt, Mark, MD 
Washington, DC 

Singer, Harvey, MD 
Baltimore 

Stowe, Fred R., Jr, MD 
Fayetteville, NC 

Velez-Borras, Jesus R., MD 
Rio Piedras, PR 
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Book Reviews 


Depression—Clinical, Biological and Psycholog- 
ical Perspectives, edited by Gene Usdin, 346 pp, 
$15, Brunner/Mazel Ine, 1977. 

This book is a publication of the 
American College of Psychiatrists and 
is the product of a three-day meeting 
of this organization in 1976. It covers 
the field of depression in a compre- 
hensive fashion. The major areas 
concern epidemiology, classification, 
genetics, psychoendocrinology, neuro- 
pharmacology and biochemistry, and 
treatment. Such authors as Ripley, 
Spitzer, Endicott, Woodruff, Andreas- 
en, Cadoret, Tanna, Rubin, Barchas, 
Schildkraut, and Lehmann are well 
known for their contributions to the 
field of the affective disorders. Most 
of these people are still actively 
involved in investigating affective 
illness. Because of the high quality of 
the contributors and the comprehen- 
sive nature of the treatment of the 
subject, such a book can be of a consid- 
erable value for the neurologist. The 
ubiquitous nature of depression in 
medical practice makes knowledge of 
the field mandatory for all physicians. 
Treatment and diagnosis of depres- 
sion may include a consultation from a 
neurologist. This book is a useful tool 
in becoming knowledgeable about the 
most recent status of the findings in 
the field. 

GEORGE WINOKUR, MD 
Iowa City 


A Review of Anatomical Neurology, by Walter 
Robinson Ingram, 428 pp, with illus, $19.50, Uni- 
versity Park Press, 1976. 

This text, as indicated by the title, 
is intended for those desiring a full, 
yet concise, review of classic neuro- 
anatomy. The coverage is more in 
depth than that of the average core 
text, but the outline format, schematic 
diagrams, and clear prose make for 
rapid reading. The emphasis is mainly 
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on circuitry, but coverage of neuro- 
transmitter systems and relevant 
physiology is included as well. A nice 
facet of this book, as compared with 
several others, is that conjecture is 
clearly marked as such, rather than 
indiscriminately scattered among es- 
tablished fact, giving a solid perspec- 
tive from which to work should one 
wish to go to the literature for more 
comprehensive study. To aid in this, 
the book is well referenced. The 
section on the hypothalmus is espe- 
cially complete, as is to be expected 
since Dr Ingram is one of the pioneers 
in the field. 

The detail and conciseness do make 
the book less suited to the novice, who 
needs a bit more padding to aid him in 
picking his way, but it is recom- 
mended to those desiring a reference 
or review. 

JOHN MCKEE, MD 
Iowa City 


Pain Mechanisms: A Physiologic Interpretation of 
Causalgia and Its Related States, by W. K. Living- 
ston, 253 pp, 26 illus, $14.95, Plenum Press Ine, 
1976, 

This is an unabridged republication 
of Livingston’s monograph first pub- 
lished in 1943. It is most appropriate 
that this classic be brought to the 
attention of a younger generation. It 
is a concise, very human, compas- 
sionate appraisal of chronic pain prob- 
lems. With present day popularity of 
the gate theory for pain, this book 
takes on even more importance. Here, 
the origin of that theory is articulated. 
Repeatedly, it is emphasized that of 
necessity there must be a modulation 
of afferent pain impulses in an “inter- 
nuncial neuronal pool” probably lo- 
cated in the dorsal horn. Also, the 
balance between the A fibers and C 
fibers is discussed. 

The central thesis of this mono- 





graph is “that a peripherally situated 
trigger point is capable of initiating a 
pathologic state characterized by 
spreading reflexes, and probably de- 
pendent upon a disturbed physiologic 
status of the spinal centers.” Thera- 
peutic alternatives to the usual de- 
structive procedures of rhizotomy and 
cordotomy are described. The useful- 
ness of repeated trigger point injec- 
tions and nerve blocks are used as 
arguments to support the central 
thesis. 

The book is organized into three 
sections. Section 1 discusses the pre- 
clinical data and gives an historical 
overview of the anatomy and pain 
mechanisms theory. Livingston pro- 
vides an incisive critique of the speci- 
ficity theory to support his central 
thesis. In section 2 the various clinical 
syndromes are discussed, including 
causalgia, posttraumatic pain syn- 
dromes, and phantom limb pain. In 
this section, there is a strong and 
compassionate argument of support 
for these unfortunate patients. Sec- 
tion 3 deals with the interpretations 
of pain mechanisms and puts into 
perspective the neurophysiologic and 
clinical principles discussed in the 
preceding part of the book. Here, 
theories for explaining the mech- 
anisms of protopathic pain, hyperal- 
gesia, and the “vicious cycle of pain” 
are discussed. 

This book is indeed a classic in 
medicine. It should be required read- 
ing for anyone interested in pain. The 
reader will find this monograph not 
only informative but enjoyable. 

DENNIS E. MCDONNELL, MD 
Iowa City 


Neurophysiology II, International Review of 
Physiology, vol 10, edited by Robert Porter, 326 
pp, 84 illus, $22.50, University Park Press, 1976. 


The International Review of Physi- 
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ology volumes have an_ intended 
audience of established scientists and 
advanced students. Each volume con- 
sists of a number of chapters prepared 
by different authors. These are not 
annotated lists of references, but 
selective, thoughtful, and logical expo- 
sitions containing opinion and critical 
comment about significant advances. 

Neurophysiology II consists of 
seven chapters arranged to comple- 
ment volume 3, which was published 
one year earlier. Chapters in the 
present volume examine the organiza- 
tion of cells with dendrites, axonal 
transport and neural connectivity, 
long-term modifications of synaptic 
transmission due to use and disuse, 
the neurophysiological basis of pain, 
receptive fields of neurons in the 
visual pathway, tonotopic organiza- 
tion of central neurons,, and the coor- 
dinated activity of nervous and mus- 
culoskeletal apparatus in locomotion. 

In the first chapter, emphasis is 
placed on mammalian dendritic geom- 
etry, membrane properties, synaptic 
location, and accumulation and spread 
of charge both actively and passively. 
Neuronal mapping through studies of 
axonal flow and neuronal dynamics 
within intact, functioning nervous 
systems is the subject matter of the 
second chapter. The effects of activ- 
ity, temperature, development, and 
lesions on the rate of protein trans- 
port are discussed. The third chapter 
examines the long-term influences, in 
contrast to the transmitter-induced 
conductance changes at synapses, of 
excitable cells on one another as 
possible clues to memory and learning 
phenomena. A limited selection of 
mostly controversial topics has been 
included. Studies on “nociception” in 
the CNS, various types of peripheral 
nociceptors, and a review of theories 
of pain are considered in the fourth 
chapter. Chapter 5 constitutes a 
survey of current interpretations of 
the function of visual field neurons 
having large receptive fields. The 
implications of large receptive fields 
for spatial transformations in the 
visual system and how the superior 
colliculus may encode the retinal loca- 
tion of stimuli are important aspects 
of this presentation. In chapter 6, the 
significance of tonotopic organization 
in frequency discrimination is evalu- 
ated. Methodology of investigation is 
discussed and the anatomical and 
physiological bases of tonotopicity are 
described. The concluding chapter 
reviews the automatic system, in the 
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mesencephalic cat, for control of loco- 
motion and the spinal mechanism of 
stepping. Attention is specifically 
directed to the neuronal activity 
occurring during locomotion and to 
the role of the brain stem and cere- 
bellum in activation of spinal mech- 
anisms. Hypotheses about the origin 
of locomotor rhythm are included. 
Not all chapters are equally well 

written, and some lack illustrations 
that might have been useful to the 
reader. Nevertheless, all chapters 
achieve the goals of the International 
Review series, and this volume can be 
recommended to neuroscience schol- 
ars and advanced students. 

BYRON A. SCHOTTELIUS, PHD 

Iowa City 


Books Received But Not Reviewed 


Surgical Pathology of the Nervous System and Its 
Coverings, by Peter C. Burger and F. Stephen 
Vogel, 623 pp, $45, John Wiley & Sons Ince, 
1976. 


Communication Assessment and Intervention 
Strategies, edited by Lyle L. Lloyd, 904 pp, Uni- 
versity Park Press, 1976. 


Consciousness and Self-Regulation, Advances in 
Research, vol 1, edited by Gary E. Schwartz and 
David Shapiro, 400 pp, $18.95, Plenum Press Inc, 
1976. 


Neurotransmitter Amino Acids, by Neil David- 
son, 179 pp, Academic Press Inc, 1976. 


Neuromuscular Mechanisms for Therapeutic and 
Conditioning Exercise, edited by Howard G. 
Knuttgen, 141 pp, with illus, $7.95, University 
Park Press, 1976. 


Neurology for Physiotherapists, edited by Joan 
Cash, 438 pp, 122 illus, $15, JB Lippincott Co, 
1976. 


Detection of Developmental Problems in Chil- 
dren: A Reference Guide for Community Nurses and 
Other Health Care Professionals, edited by 
Marilyn J. Krajice and Alice I. Tearney, 204 pp, 
with illus, $6.95, University Park Press, 1977. 


The UFAW Handbook on the Care and Manage- 
ment of Laboratory Animals, ed 5, edited by the 
Universities Federation for Animal Welfare, 635 
pp, with illus, $39.50, Churchill Livingstone, 
1976. 


Acid Base Homeostasis of the Brain Extracellular 
Fluid and the Respiratory Control System: Sympo- 
sium Bochum, March 1975, edited by Hans H. 
Loeschcke, 222 pp, 166 illus, $20, Thieme Edition / 
Publishing Sciences Group Ine, 1976. 


The Stroke Patient: Principles of Rehabilitation, 
by Margaret Johnstone, 83 pp, 43 illus, $5.50, 
Churchill Livingstone, 1976. 


Rabies—The Facts, edited by Colin Kaplan, 116 
pp, 12 illus, $5, Oxford University Press, 1977. 


Motor Innervation of Muscle, edited by Stephen 
Thesleff, 351 pp, with illus, $21.50, Academic 
Press Inc, 1976. 
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Health, Medicine, Society: Proceedings of the 
International Conference on the Sociology of Medi- 
cine, Warsaw, Aug 20-25, 1973, edited by Magda- 
lena Sokotowska, Jacek Hotéwka, and Antonina 
Ostrowska, 513 pp, with illus, $39.50, D. Reidel/ 
PWN —Polish Scientific Publishers, 1976. 


Proceedings of the Society for Experimental 
Biology and Medicine, vol 154, No. 3, Academic 
Press Inc, 1977. 


Clinical Methods, edited by H. Kenneth Walker, 
W. Dallas Hall, and J. Willis Hurst, 1,098 pp, with 
illus, $29.50, Butterworth & Co, 1976. 


The Costs of Motor Vehicle Related Spinal Cord 
Injuries, by Charles N. Smart and Claudia R. 
Sanders, 114 pp, 29 tables, Insurance Institute for 
Highway Safety, 1976. 


Stroke: Proceedings of the Ninth Pfizer Interna- 
tional Symposium, Edinburgh, June 29-30, 1976, 
edited by F. J. Gillingham, C. Mawdsley, and A. 
E. Williams, 541 pp, with illus, $27.50, Churchill 
Livingstone, 1976. 


Cerebral Vascular Disease: Seventh International 
Conference, Salzburg, edited by J. S. Meyer, H. 
Lechner, and M. Reivich, 205 pp, $26, Publishing 
Sciences Group, 1976. 
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Imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 





a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 


rAditianal infarmatian 
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and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 $30 mgteodops oP" 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 
A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 meg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
A been taking less than 1500 mg per day. 
Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, ¢ hange the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 
NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 

} adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 
Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


“anhydrous equivalent 
ERICK See following page for brief summary of prescribing information. 
BORME 


Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should not be 

iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed caretully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive Cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal tunction are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
eo, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET ts necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development ot suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a Causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric Crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and | 
activation of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET ts 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J6S102 R1 (DC 6834803) 
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For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck Sharp HA 
& Dohme, Division of Merck & Co., INC, West Point, Pa. 19486. HM 


Two journals meeting the different needs of neuroscience researchers 
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NEUROLOGICAL 
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OFFICIAL BULLETIN OF THE 
WORLD FEDERATION OF NEUROLOGY 


EDITOR-IN-CHIEF 

John N. Walton, Regional Neurological Centre, General Hospital, Newcastle upon Tyne, NE4 6BE, Great Britain 
REGIONAL EDITORS 

Continental Europe: Ludo van Bogaert, Institut Bunge 59, Rue Philippe Williot, Berchem-Antwerp, Belgium 
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North America: Gilbert H. Glaser, Department of Neurology, Yale University, School of Medicine. 
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W. G. Bradley, Newcastle upon Tyne 








As the official bulletin for the World Federation of advances. An interdisciplinary medium of Original con- 
Neurology, Journal of the Neurological Sciences offers tributions on clinical themes and experimental work, the 
neurologists around the world the most comprehensive journal publishes in all the sciences underlying modern 
and authoritative information available on neurological concepts of nervous structure and function. 


1977—Volumes 30-33 in 12 issues. Subscription Price: $194.00 
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An International Multidisciplinary Journal Devoted to the 
Rapid Publication of Basic Research in the Brain Sciences 
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neuropharmacology, molecular neurobiology, be- 


1977—Volumes 4 and 5 in 12 issues. Subscription price: $83.00 


pe eaareeesneseseginseneeoeotetchieeste ce, 
ELSEVIER NORTH-HOLLAND" 


52 VANDERBILT AVENUE, NEW YORK, NEW YORK 10017 


ELSEVIER/NORTH HOLLAND 


BIOMEDICAL PRESS 
P.O. BOX 211, AMSTERDAM, THE NETHERLANDS 


he mapping 


a 
pe oe 


of a migraine 


Specific vascular changes are revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack. Liquid crystals allow differences in skin temperature to.be “mapped” directly on the subject. 
Variations in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
offer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

help relieve the accompanying gastrointestinal irritability. And 
the patient’s nervous tension, perhaps a precipitating factor in 
the onset of an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg. caffeine, U.S.P., 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U.S.P., (Warning: May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 
U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.( Warning: May be habit forming) 60 mg.; 
tartaric acid, N.F., malic acid, lactose, U.S.P., and theobroma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attack or 
10 per week). Recta//y—One suppository as early as possible in attack; 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 

contro! of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Before prescribing, see package insert 
for full product information. 
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The vulnerable 


es The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,! and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 162 





Mysoline (primidone) for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor 1-34 and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.6 


Change to Mysoline when other anticonvulsants fail— 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.7 
Ayerst. 


Mysoline 
Tablets 250 mg 


(primidone) 27x 


May be the start ofa 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 


Mysoline (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 


grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 





AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE” Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS: Primidoneiscontraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 


medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regi nen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants: but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, é.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 


deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 

When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the tollowing have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINE and toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 


lst Week 
250 mg. daily at bedtime 


2nd Week 
250 mg. b.i.d. 


3rd Week 
250 mg. t.i.d. 


4th Week 
250 mg. q.i-d. 





In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 


other drug(s) is maintained or gradually decreased. This regi- 


men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
e for initiation of combination therapy 
e during “transfer” therapy 
e for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures (menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets —No. 430 — Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1.000. Also in unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone (scored), in bottles of LOO 
and 500. MYSOLINE Suspension — No. 3850 —Each 5 cc. ( tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
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Ill.. Charles C Thomas, 1972, pp. 6, 7, 584. 2.Grossman, H.J.: 
lll. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 197 3, 
pp. 675-7. 4. Metrick, S.: C.M.D. 37:49 (Jan. ) 1970. 5. Forster, 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
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Spasticity & 
the kid-next-doors 
trumpet 





One neurologist states it this way: “our drug choices [in spasticity] are much 
like the choice you would have to make if the kid next door were playing 
trumpet, keeping you awake nights, and you wanted to do something about it. 
You could go to the police who would make the kid stop playing the trumpet 
altogether — that is like using a centrally active skeletal muscle relaxant. 

You could erect a sound barrier so the trumpet couldn’t be heard at all — that is 
like blocking at the myoneural junction. Or you can go over one night and 
you can mute his trumpet. If you mute his trumpet, then you can live with it 
and he can play his trumpet. And maybe that’s what is happening when we 


use drugs that work on the final expression of this abnormal muscle state” * 


*Spasticity — theories and therapy. 

Presented at a symposium entitled 

Pharmacologic Agents for the Treatment of Spastictty, 
April 25, 1976, Toronto, Canada. 


The only direct-acting 
skeletal muscle relaxant 


..Dantrium 


__} (dantrolene sodium) 


Capsules 








25mg 50mg /5mg 100mg 
NE ree tees Provides a more normal physiologic base 
Manati, Puerto Rico 00701 for rehabilitation 
a subsidiary of 


Morton-Norwich Products, Inc. See brief summary on following page. 





Address medical inquiries to: 
Eaton Laboratories, Medical Department 
Norwich, New York 13815 
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DaAntriUni idantrolenesodium) Capsules 25 mg /50 mg/75 mg/100 mg 


Warning 
















DANTRIUM (dantrolene sodium) has a potential for 
hepatotoxicity and should not be used in conditions other 
than those recommended. Fatal hepatitis has been 
reported in approximately 0.1 to 0.2% of patients who 
have taken Dantrium for 60 days or longer. Some cases of 
hepatitis were considered to be definite drug-related, 
whereas others may have been due to other causes. 
Symptomatic hepatitis has been observed in approximately 
0.35 to 0.5% of patients who have taken Dantrium for 
60 days or longer. Liver dysfunction, as evidenced by 
blood chemical abnormalities alone, has been observed 
in approximately 0.7 to 1.0% ofall patients exposed to 
Dantrium for varying periods of time. Risk of hepatic 
injury appears to be guner in females, and in patients 
over 35 years of age. No serious hepatic injury has yet 
been reported in patients receiving the drug for less than 
60 days, although liver enzyme elevations have occurred. 

Dantrium should be used only in canun on with 
appropriate monitoring of hepatic function including 
freonen determination of SGOT or SGPT. /F NO 
OBSERVABLE BENEFIT IS DERIVED FROM THE 
ADMINISTRATION OF DANTRIUM AFTER A TOTAL OF 
45 DAYS, THERAPY SHOULD BE DISCONTINUED. 

The lowest possible effective dose for the individual 
patient should be prescribed. 













Indications: Dantrium is indicated in controlling the manifesta- 
tions of clinical spasticity resulting from serious chronic 
disorders such as spinal cord injury, stroke, cerebral palsy, 
multiple sclerosis. Dantrium is not indicated in the treatment of 
skeletal muscle spasm resulting from rheumatic disorders. A 
decision to continue the administration of Dantrium on a 
long-term basis is justified if introduction of the drug into the 
patient’s regimen: 

Produces a significant reduction in painful and/or disabling 
spasticity such as Clonus, or permits a significant reduction in 
the intensity and/or degree of nursing care required or rids the 
patient of an annoying manifestation of spasticity considered 
important by the patient himself. /n view of the potential for liver 
damage in long-term Dantrium use, therapy should be stopped 
if benefits are not evident within 45 days. 

Contraindications: Active hepatic disease, such as acute 
hepatitis and active cirrhosis. Dantrium is also contraindicated 
where spasticity is utilized to sustain upright posture and 

balance in locomotion or whenever spasticity is utilized to obtain 
or maintain increased function. 

Warnings: It is important to recognize that liver disorders, fatal 
and nonfatal, may occur with Dantrium therapy. 

_ Subclinical or overt hepatitis accompanied by abnormal ities 

in liver function tests (SGOT, SGPT) has occurred at varying times 
after initiation of Dantrium Kierapy. Jaundice, with or without 
fever, may occur, with onset usually between the third and 

twelfth months of therapy. At the start of Dantrium therapy, it is 
desirable to do liver function studies (SGOT, SGPT, alkaline 
phosphatase, total bilirubin) for a baseline or to establish whether 
there is pre-existing liver disease. If baseline liver abnormalities 
exist and are confirmed, there is a clear possibility that the 
potential for Dantrium hepatotoxicity could be en anced, 
although such a possibility has not yet been established. 

Regular liver function studies (e.g. SGOT or SGPT) should be 
performed on patients taking Dantrium. If such studies reveal 
abnormal values, therapy should generally be discontinued. 
Only where benefits of the drug have been of major importance 
to the patient, should reinitiation or continuation of therapy be 
considered. Some patients have revealed a return to normal 
wisi ii values in the face of continued therapy while others 

ave not. 

If symptoms compatible with hepatitis, accompanied by 
abnormalities in liver function tests or jaund ice appear, 
Dantrium should be discontinued. If caused by Dantrium and 
detected early, the abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was discontinued. 
Dantrium perony has been reinstituted in a few patients who 
have developed clinical and/or laboratory evidence of f 
hepatocellular injury. If such reinstitution of therapy is done, it 
should be attempted only in patients who clearly need Dantrium 
and only after other previous symptoms and laboratory 
abnormalities have cleared. The patient shou id be hospitalized 
and the drug should be restarted in very small and gradually 
increasing doses. Laboratory monitoring should be frequent and 
the drug should be withdrawn immed iately if there is any 
indication of recurrent liver involvement. some patients have 
reacted with unmistakable signs of liver abnormality upon 
administration of a challenge dose, while others have not. 

Dantrium should be used with particular caution in females 
and in patients over 35 years of age in view of apparent greater 
likelinood of drug-induced, potentially fatal, hepatocellular 
disease in these groups. 

Long-term safety and efficacy of Dantrium in humans have not 
been established. Chronic studies in rats, dogs and monkeys at 
dosages greater than 30 mg/kg/day showed growth or weight 
depression and signs of hepatopathy and possible occlusion 
nephropathy, all of which were reversible upon cessation of 
treatment. Sprague-Dawley female rats fed dantrolene sodium 
for 18 months at dosage levels of 15, 30 and 60 m /kg/day 
showed an increased incidence of benign and ma ignant 
mammary tumors compared with concurrent controls and, at 
the highest dosage, an increase in the incidence of hepatic 
lymphangiomas and hepatic angiosarcomas. These effects were 





not seen in 2-2 year studies in rats of the Fischer 344 strain or 

in 2 year studies in mice of the HaM/ICR strain. Carcinogenici 

in humans cannot be fully excluded so that this possible risk O 
chronic administration must be weighed agan the benefits 

of the drug (i.e., after a brief trial) for the individual patient. 

Usage in Pregnancy: The safety of Dantrium in women who are 
or who may become pregnant has not been established; hence it 
should be given only when the potential benefits have been 
weighed against possible hazard to mother and child. Dantrium 
should not be used in nursing mothers. 

Usage in Children: The safety of Dantrium in children under the 
age of 5years has not been established. Because of the possibility 
that adverse effects of the drug could become apparent only 
after many years, a benefit-risk consideration of the long-term 
use of Dantrium is particularly important in pediatric patients. 
Drug Interactions: While a definite drug interaction with estrogen 
therapy has not yet been established, caution should be observed 
if the two drugs are to be given concomitantly. Hepatotoxicity 
has occurred more often in women over 35 years of age receiving 
concomitant estrogen therapy. 

Precautions: It should be used with caution in patients with 
impaired pulmonary function, in patients with impaired cardiac 
function due to myocardial disease, and in patients with a history 
of previous liver disease or dysfu nction (See Warnings). Also, 
Dantrium may evoke a photosensitivity reaction. Patients should 
be cautioned against driving a motor vehicle or parapen in 
hazardous occupations while taking Dantrium. ution should 
be exercised in the concomitant administration of tranquilizing 
agents. 

Adverse Reactions: The most frequently occurring side effects 
of Dantrium have been drowsiness, dizziness, weakness, general 
malaise, fatigue, and diarrhea. Other side effects according to 
system are: Gastrointestinal: Constipation, G.I. bleeding, anorexia, 
swallowing difficulty, gastric irritation, abdominal cramps; 
Hepatobiliary: Hepatitis (See Warnings); Neu rologic: Speech 
disturbance, seizure, headache, ipa visual 
disturbance, diplopia, alteration o 

Tachycardia, erratic blood pressure, phlebitis; Psychiatric: 

Mental depression, mental confusion, inc reased nervousness; 
Urogenital: Increased urinary frequency, crystalluria, difficult 
erection, urinary incontinence and/or nocturia, difficult 

urination and/or urinary retention; Integumentary: Abnormal 

hair growth, acne-like rash, pruritus, urticaria, eczematoid 
eruption, sweating; Musculoskeletal: Mya'gia, backache; 
Respiratory: Feeling of suffocation; Special Senses: Excessive 
tearing; Other: Chills and fever. 

Drowsiness, dizziness, weakness, general malaise and fatigue 
are generally transient, occurring early in treatment and can 
often be obviated by beginning with a lower dose and increasing 
dosage gradually until an optimal regimen is established. | 
Diarrhea may be severe and may necessitate temporary with- 
drawal of Dantrium therapy. If diarrhea recurs upon readministra- 
tion of Dantrium, therapy should probably be withdrawn 

ermanently. 
sage: The complete prescribing information on dosage and 
administration should be consulted before initiating therapy. It 
is important that the dosage be titrated and individualized for 
maximum effect. The lowest dose compatible with optimal 
response is recommended. 

in view of the potential for liver damage in long-term Dantrium 
use, therapy should be stopped if benefits are not evident 
within 45 days. f 
Adults: Begin therapy with 25 mg once daily; increase to 25mg 
two, three or four times daily and then by increments of 25 mg up 
to as high as 100 mg two, three, or four times daily if necessary. 
An occasional patient will require up to 200 mg four times daily. 

Each dosage level should be maintained for four to seven days 
to determine the patient's response. The dose should not be 
increased beyond, and may even have to be reduced to, the 
amount at which the patient received maximal benefit without 
adverse effects. i , 
Children: A similar approach should be utilized, starting with 1.0 
mg/kg of body weight once daily; this is increased to 1.0 wg kg 
two, three, or four times daily and then b increments of 0.5 mg/kg 
up to as high as 3.0 MEMEO, three, or four times daily if 
necessary. Doses higher than 100 mg four times daily should not 
be used in children. 

Overdosage: General supportive measures should be employed 
along with immediate gastric lavage. For further information 
see package insert. i 

How Supplied: Dantrium is available in: W 25 Sa ery orange 
and light brown capsules (coded “Eaton 030” in black), supplied 
in bottles of 100, 500 and unit dose 100's; i 50 mg opaque 
orange and dark brown capsules (coded “Eaton 031” in white), 
supplied in bottles of 100; i 75 mg opaque orange capsules 
(coded “Eaton 032” in black), supplied in bottles of 100; 

E 100 mg opaque orange and light brown capsules (coded 
“Eston 033" in white), supplied in bottles of 100 and unit 

dose 100's. i : 

For round-the-clock medical consultation on any Eaton 
product, phone Norwich, New York 607-335-2565. 


TEA © Eaton Laboratories Inc. 
& Manati, Puerto Rico 00701 
Address medical inquiries to: 


a subsidiary of 
Morton-Norwich Products, Inc. 

Eaton Laboratories, Medical Department 

Norwich, New York 13815 
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PAIN: 
CLINICAL EVALUATION AND 
MANAGEMENT TECHNIQUES 


An Interdisciplinary Weekend Symposium/November 5 & 6, 1977 
Sheraton Palace Hotel, San Francisco 


Coordinated by Wilbert E. Fordyce, Ph. D. 
Developed by BMA Audio Cassette Publications 


WHEN Saturday & Sunday, November 
5 & 6, 1977. 


WHERE Sheraton Palace Hotel, 639 
Market St., San Francisco CA 94119 
(415) 392-8600. 


SPECIAL ACTIVITIES Discussion 
Sessions; Panel Forums; Exhibits: 
Social Hour with Symposium Faculty. 


mee 5 CONTINUING EDUCATION CREDITS 
Wilbert E. Benjamin L. Ernest R. A certificate will be issued to all 





Fordyce, Ph.D. Crue, Jr., M.D. Hilgard, Ph.D. attendees. 

Behavioral Evaluation of Pain as a i 

Evaluation & Chronic Pain Human & TUITION $85/person (includes $10 non- 
Management of Pain Scientific Problem refundable registration fee) Does not 


include hotel accommodations. 


SPECIAL OFFER: POST- 
CONFERENCE AUDIO CASSETTE 
m : PROGRAM Selected proceedings will 
k be issued Feb. 1, 1978 as a 10-cassette 
a audio program in folio. Special pre- 
publication price of $85 ($20 off regular 
price) for pre-paid orders received by 










Nov. 6, 1977. 
Charles F. Lawrence M. Joseph FURTHER INF 
Stroebel, Ph.D., M.D. Halpern, Ph.D. Barber, Ph.D. BMA, ear 7a ei 
Biofeedback & The Role Of Hypnotherapeutic New York, NY 10016. (212) 645-8950. 
Pain Control Drugs In Approaches To 
Treating Chronic Pain 
Chronic Pain Management 


REGISTRATION FORM—PAIN: CLINICAL EVALUATION AND MANAGEMENT TECHNIQUES 
































Name _ AP Res ee ee : SS 2.) | a ee Please reserve __ places at $85/person 
(includes $10 non-refundable 
Address ABA “ — registration fee). 
City MAS State ee: aa =e O | enclose payment. 
Occupation _____ Affiliation ee a J Bill My MasterCharge # 
Exp. Date _ f 








Signature 


L | enclose $85 for Symposium 
Cassette Program (pre-publication 


Please send information about other forthcoming 
BMA Professional Symposia 


O BIOFEEDBACK & BEHAVIORAL MEDICINE: CURRENT price until Nov. 6, 1977: thereafter, 
APPLICATIONS & PROSPECTS, Montreal, Oct. 15 & 16. 1977. $105). 

I STRESS & BEHAVIORAL MEDICINE, g Please send BMAs audio cassette, 
New York City, Dec. 3 & 4, 1977. continuing education catalogue. 


Make checks or purchase orders payable to BMA and return to: 
BMA, Suite 1704, 270 Madison Avenue, New York, NY 10016 (212) 645-8950 


Why Endep makes 
-with amitriptyline HCI 





Scored tablets h.s. enbance compliance and tolerability 
8 AAAA 


Once you select the appropriate maintenance dose, you 
can prescribe a single tablet of Endep h.s. secure in the knowledge that 
you can adjust the dose by a half tablet without requiring the patient to 
obtain a new Rx. The simplicity of this b.s. schedule not only encourages 
compliance, but lessens the likelihood of anticholinergic and sedative side 


effects during daytime. 


Scored tablets h.s. reduce confusion 
————— 


Bedtime dosage means that the patient bas only one dose 
of Endep to remember, thus minimizing possible confusion with other 
medications taken concomitantly. The built-in flexibility of the scored tablet 
permits balf-strength dosage adjustments without confusing the patient 
with a new color or size of medication. 





long-term maintenance 
more practical: 


Scored tablets b.s. promote economy 
EE ee 


The economy of Endep (amitriptyline H Cl) is particularly evident 
during long-term maintenance therapy, when your patient is purchasing refills of 
the single strength you have prescribed. The b.s. schedule enables you to prescribe 
a single strength in place of a more expensive multiple-dose prescription. The scored 

T tablet permits you to adjust the regimen without putting the patient through the 
expense of a new prescription fee, witbout wasting tablets and without necessitating 
the purchase of more costly multiple-dose refills. 





, amitriptyline HC! / Roche 


The balf-strength advantage 
ace Meecha ra 


Before prescribing, please see following page for a summary of product information. 


Practicality 1s 





a fundamental fact 


about Endep 
amitriptyline HC] 


Every tablet of 
Endep (amitriptyline HCI) 
is scored for precise, 
convenient adjustment 
of dosage. 


Half-tablet adjustment 
of dosage does not require 
a new Rx. 


Gd O OQ 


Single daily h.s. dosage 
promotes compliance and 
economy. 


Compliance with 
practical regimen promotes 
optimal response. 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 


Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. 


Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 


50 mg 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 

and those receiving thyroid medications. = 
(Arrhythmias, sinus tachycardia and in 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline 
HCI, especially in high doses. Myocardial 
infarction and stroke reported with use 


100 mg 


of this class of drugs.) May impair alertness; warn against 
hazardous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 


pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended inchildren under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 
dose adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvynol; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 
pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 
ards of electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue drug several 
days before elective surgery. Both elevation and lowering 
of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 
requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular: 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic- Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 
penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 
anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorrhea in the female, increased or decreased libido, 
elevation and lowering of blood sugar levels. 





$ 25 mg 





Other: Dizziness, 
weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
These are not indicative of addiction. 


= _ Dosage: Initiate at low levels, 

l increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients —25 mg t.i.d.; may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate —50 to 100 mg 
h.s.. gradually increasing h.s. dose up to 150 mg/day. 
Hospitalized Patients—Up to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 





75 mg 





150 mg 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg b.id. to q.i.d., or 10 mg q.i.d. Continue maintenance 
therapy 3 months or longer to avoid relapse. 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets —bottles of 100 and 500; 
Tel-E-Dose® packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07 116 
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in depth studies 
of the health 

care systems of 
Britain and France 


How they operate 

and what they mean 
to users and to people 
who work in them. 


Britain’s health care system is pre- 
dominantly nationalized. France of- 
fers its citizens a national health and 
social insurance plan. These compre- 
hensive references cover each system’s 
evolution. ..operation.. application... 

problems. ..achievements...and per- 
sonnel. 


The French Health Care System 
(OP-460) costs $3.50: The British 
Health Care System (OP-461), $7.50. 
The set is $10. To order your copies, 
write Order Dept., AMA, 535 N. Dear- 
born St., Chicago, Ill. 60610. 
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Viewer or Projector 


cò 


JUST RELEASED 


Fit any 2” x 2" 


For Clinical 
Reference, 


Teaching, 
Lectures. 





O CT-1A COMPUTED TOMOGRAPHY OF THE CENTRAL NERVOUS 


0 


O 8-1A 


O 8-1B 


O 13-1A 


O 3-1A 


O 3-1B 


SYSTEM: BRAIN TUMORS .................. 62 slides 
Above Slides with Synchronized Cassette Tape 
by Roger A. Hyman, M.D. 


ACTIVE COLLECTION SERIES 


INTRACRANIAL CALCIFICATIONS 
an AAEE E OELE STE 51 slides 


i EERE S I ET N O ES 52 slides 
by Philip J. Hodes, M.D. 


SINUSES AND MASTOIDS .................... 58 slides 
by John H. Gilmore, M.D. 


$35.00 


$20.00 
$20.00 


$24.00 


NORMAL, CONGENITAL & TRAUMATIC DISORDERS OF 


THE SKULL OF INFANTS & CHILDREN 
os Dnt TE a S 50 slides 


CRUE I a E T A S case... 50 slides 
by John W. Hope, M.D. 


$20.00 
$20.00 


NORMAL & ABNORMAL PNEUMOENCEPHALOGRAM & 


VENTRICULOGRAM-INTRACRANIAL TUMORS 
ga i Pe A ET A OE AE EAE T 55 slides 


POE E iia a 56 slides 
by Temple Univ. Hosp. 


ATLAS OF SPINAL CORD LESIONS 
CITT el) TAN 50 slides 
by John E. Whiteleather, M.D. 


ENCEPHALOGRAPHY IN INFANTS & CHILDREN 
PE Troben E eA EN SELE AEN ovate. 58 slides 


BA ARE E A E A AE EE OA 51 slides 
by Harvey White, M.D. 


CEREBRAL ANGIOGRAPHY ................. 59 slides 
by Temple Univ. Hosp. 


SOME APPLICATIONS OF BRAIN SCANNING AND 
ANMO GARY Sirana 71 slides 
by William V. Mollihan, M.D. 


$22.00 


$22.00 


$20.00 


$24.00 


$26.00 


CHECK OFF SERIES DESIRED, CLIP AND SEND WITH YOUR CHECK. 
SATISFACTION GUARANTEED OR YOUR MONEY REFUNDED 





ORDER DIRECT OR ASK FOR CATALOG F 


MEDICAL FILM SLIDE DIVISION 


Micro X-Ray Recorder., Inc. 
3755 West Lawrence 
Chicago, Ill. 60625 


312/478-8560 


THE GRASS TEAM 
IS ALIVE AND 








Grass Instrument 
Company is a vital 
team of several hun- 
dred strong who combine 
their talents with the Grass 
philosophy that in the field of medical instrumentation, 

only the best is good enough. This team is composed of experts 

in engineering, purchasing, production, quality control, sales 
instrumentation application and service. They are making sure that the 
present line of instrumentation continues reliably to meet your needs. 
And, with an eye to the future, they are working together to insure that 
uncharted frontiers of medical instrumentation are explored honestly. 
Grass will continue to make available the very best solutions to new 
and developing instrumentation needs. 


Grass the fine line of EEG recording instruments. 


1 GRAS S/AREREERF 
MEDICAL EELS 
D131E77 


© GRASS INSTRUMENT CO. 1977 QUINCY. MASS. 02169 • 617/773-0002 









Postgraduate course 
SELECTED PROBLEMS IN 
PEDIATRIC NEUROLOGY 


October 3 and 4, 1977 
sponsored by: 

THE DEPARTMENT OF NEUROLOGY OF 
THE MEDICAL COLLEGE OF WISCONSIN 
and 
MILWAUKEE CHILDREN’S HOSPITAL 


Guest Faculty: 
David B. Clark Manuel R. Gomez 
Peggy C. Ferry Isabelle Rapin 
John M. Freeman 
Topics: 
Seizures, neurologic emergencies, learning disorders, 
complications of infectious conditions 
















Approved for 13 hours of prescribed credits by the American 
Academy of Family Physicians and 13 hours of AMA 
Category | credits. 

Contact: Jerome V. Murphy, M.D., Director of Pediatric 
Neurology, Milwaukee Children’s Hospital, P.O. Box 1997, 
Milwaukee, WI 53201 








The Department of Otolaryngology 
and the 
Division of Continuing Education 
University of Pittsburgh 
School of Medicine 
announce 
The Fourth Continuing Education Course in 


CLINICAL NEURO-OTOLARYNGOLOGY 


November 17-19, 1977 
Pittsburgh, Pennsylvania 










Course Director: Sidney N. Busis, M.D. 


TUITION: 
Practicing Physicians s.in $190 
PIES iach tet e oft Bet 








ACCREDITATION: As an Organization accredited for 
continuing medical education, the University of Pitts- 
burgh School of Medicine certifies that this continuing 
medical education offering meets the criteria for credit 
hours in Category One of the Physician's Recognition 
Award of the AMA, provided it is used and completed as 
designed. 


For further information please contact: Division of 
Continuing Education, 1022 Scaife Hall, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261 
Telephone: (412) 624-2653. 










SOUTHERN 
ELECTROENCEPHALOGRAPHIC 
SOCIETY 


The Southern EEG Society’s Annual Meeting will be held 
October 27-29, 1977, in Chattanooga, Tennessee at the 
Hilton. In addition to original presentations, the Caton 
Award and guest lecture by Dr. Cesare Lombroso there will 
be a course entitled: “EEG Changes With Age.” The format 
of the course is as follows: 


Saturday—October 29, 1977—8:30 a.m. to 12:30 p.m. 
8:30-9:10 Cesare T. Lombroso, EEG IN NEWBORNS AND 
M.D. INFANTS—NORMAL 
Children’s Hospital 
Medical Center-Boston 
Mass. 


9:10-9:55 Cesare T. Lombroso, EEG IN NEWBORNS AND 


M.D. INFANTS—ABNORMAL 
9:55-10:10 Coffee Break 


10:10-10:40 Mary R. Andriola, M.D. EEG IN CHILDREN—NORMAL 
University of Florida 
Gainesville, Florida 


10:40-11:25 Peter Kellaway, Ph.D. 
Baylor College of 
Medicine, Houston, 
Texas 


11:25-11:45 Edward Reilly, M.D. 
Hermann Hospital 
University of Texas 
Medical School 


11:45-12:15 William P. Wilson, 
M.D. 
Duke University 
Medical 
School, Durham, North 
Carolina 


12:15-12:30 H. Hooshmand, M.D. 
Seizure Control Clinic 
Vero Beach, Florida 


EEG IN CHILDREN— 
ABNORMAL 


WHAT IS NORMAL IN ADULTS 


EEG IN OLD AGE—NORMAL 


EEG IN OLD AGE—ABNORMAL 


The course is free of charge and open to electroencephalog- 
raphers and technicians. 


Information regarding the meeting may of course be 
obtained from: 


Mary Andriola, M.D. 
Secretary-Treasurer 

1011 Jeffords Street 
Clearwater, Florida 33516 
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Then why Cylert. for MBD? 


€ 


(pemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Elimination of mid-day school dose and need for school 


personnel supervision 


e Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form 


e Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
*Copy of the Cylert Monograph available to Physicians on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


Please see next page for Prescribing Information. 
7083202 R1 


Cylert and Cylert Chewable Tablets 


(pemoline) 
Prescribing Information 


Description: Cylert (pemoline) is a 
central nervous system stimulant. Pemoline 
is structurally dissimilar to the 
amphetamines and methylphenidate. 

It is an oxazolidine compound and is 
chemically identified as 2-amino-5-phenyl-2- 
oxazolin-4-one. 

Pemoline is a white, tasteless, odorless 
powder, relatively insoluble (less than 1 
mg./ml.) in water, chloroform, ether, 
acetone, and benzene; its solubility in 95% 
ethyl alcohol is 2.2 mg./ml. 

Cylert (pemoline) is supplied as tablets for 
oral administration. 


Clinical Pharmacology: Cylert 
(pemoline) has a pharmacological activity 
similar to that of other known central 
nervous system stimulants; however, it has 
minimal sympathomimetic effects. Although 
Studies indicate that pemoline may act in 
animals through dopaminergic mechanisms, 
the exact mechanism and site of action of the 
drug in man is not known. 

The serum half-life of pemoline is 
approximately 12 hours. Peak serum levels 
of the drug occur within 2 to 4 hours after 
ingestion of a single dose. Multiple dose 
Studies in adults at several dose levels 
indicate that steady state is reached in 
approximately 2 to 3 days. 

Metabolites of pemoline include pemoline 
conjugate, pemoline dione, mandelic acid, 
and unidentified polar compounds. Cylert is 
excreted primarily by the kidneys; 
approximately 75% of an oral dose is 
recovered in the urine within 24 hours. 
Approximately 43% of pemoline is excreted 
unchanged. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain 
dysfunction. Using the recommended 
schedule of dosage titration, significant 
clinical benefit may not be evident until the 
third or fourth week of drug administration. 


Indications: MINIMAL BRAIN 
DYSFUNCTION IN CHILDREN —as 
adjunctive therapy to other remedial 
measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The 
cause of minimal brain dysfunction (MBD) 
is unknown. Diagnosis of MBD involves the 
use of medical, psychological, educational, 
and social tools, since no single diagnostic 
test is adequate. 

MBD is characterized by chronic moderate 
to severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) 
neurological signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based upon a 
complete history and evaluation of the child 
and not solely on the presence of one or 
more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational placement 
is essential and psychosocial intervention is 
generally necessary. When these measures 
alone are insufficient, the decision to 
prescribe stimulant medication will depend 
upon the physician’s assessment of the 
chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 
primary psychiatric disorders, including 
psychosis. 


Contraindications: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the drug. 
(See ADVERSE REACTIONS.) 


Warnings: Cylert is not recommended for 
children less than 6 years of age since its 
safety and efficacy in this age group have not 
been established. 

Sufficient data on the safety and the 
efficacy of the long-term use of Cylert in 
children with minimal brain dysfunction are 
not yet available. 

A temporary suppression of the predicted 
growth rate (weight and/or height gain) has 
been reported for children receiving long- 
term stimulant therapy. A definite causal 
relationship between stimulant drugs and 
this finding has not been established. 


Precautions: Liver function tests should 
be performed periodically during therapy 
with Cylert. The drug should be 
discontinued if abnormalities are revealed 
and confirmed by follow-up tests. (See 
ADVERSE REACTIONS regarding reports 
of abnormal liver function tests and 
jaundice.) 

Cylert should be administered with 
caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs 
has not been studied in humans. Patients 
who are receiving Cylert concurrently with 
other drugs, especially drugs with CNS 
activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for 
self-administration in primates. However, 
the pharmacologic similarity of pemoline to 
other psychostimulants with known 
dependence liability suggests that 
psychological and/or physical dependence 
might also occur with Cylert. There have 
been isolated reports of transient psychotic 
symptoms occurring in adults following the 
long-term misuse of excessive oral doses of 
pemoline. Cylert should be given with 
caution to emotionally unstable patients who 
may increase the dosage on their own 
initiative. 

Usage during Pregnancy and Lactation: 
The safety of Cylert (pemoline) for use 
during pregnancy and lactation has not been 
established. 

Fertility, reproduction, and teratology 
studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 
mg./kg./day, had no effect on the fertility of 
male or female rats. The drug, when given to 
pregnant rats (from gestation day 15 through 
weaning) and to rabbits (from gestation days 
6-18) at these same dosage levels, produced 
no teratogenic or embryotoxic effects, and 
had no effect on the viability of the young at 
birth. However, increased incidences of 
stillbirths and cannabilization were observed 
when pemoline was given to rats at these 
dosage levels, beginning 14 days prior to 
conception. 


Adverse Reactions: Insomnia is the 
most frequently reported side effect of 
Cylert; it usually occurs early in therapy, 
prior to an optimum therapeutic response. In 
the majority of cases it is transient in nature 
or responds to a reduction in dosage. 

Anorexia with weight loss may occur 
during the first weeks of therapy. In the 
majority of cases it is transient in nature; 
weight gain usually resumes within three to 
Six months. 





Stomach ache, skin rashes, increased 
irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and 
hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum 
LDH have occurred in patients taking 
Cylert, usually after several months of 
therapy. These effects appear to be 
reversible upon withdrawal of the drug, and 
are thought to be manifestations of a delayed 
hypersensitivity reaction. There have also 
been a few reports of jaundice occurring in 
patients taking Cylert; a causal relationship 
between the drug and this clinical finding has 
not been established. 

There have been reports of dyskinetic 
movements of the lips, face, and extremities 
occurring with the use of Cylert. Convulsive 
seizures have also been reported. A definite 
causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early 
during the course of treatment with Cylert 
often remit with continuing therapy. If 
adverse reactions are of a significant or 
protracted nature, dosage should be reduced 
or the drug discontinued. 


Overdosage: Signs and symptoms of 
acute Cylert overdosage may include 
agitation, restlessness, hallucinations, 
tachycardia. The treatment for an acute 
overdosage of pemoline is essentially the 
same as that for an overdosage of any CNS 
stimulant. Management is primarily 
symptomatic and may include induction of 
emesis or gastric lavage, sedation, and other 
appropriate supportive measures. 

Results of preliminary studies in dogs 
indicate that extracorporeal hemodialysis 
may be useful in the management of Cylert 
overdosage; forced diuresis and peritoneal 
dialysis appear to be of little value. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. 

The recommended starting dose is 37.5 
mg./day. This daily dose should be gradually 
increased by 18.75 mg. at one week intervals 
until the desired clinical response is 
obtained. The effective daily dose for most 
patients will range from 56.25 to 75 mg. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administration 
should be interrupted occasionally (once or 
twice a year) to determine if behavioral 
symptoms are sufficient to require continued 
therapy. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved tablets 
in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-1 3) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-605 7-13) 

75 mg. tablets (tan-colored) in bottles of 
100 (NDC 0074-6073-13) 

Cylert Chewable is supplied as mono- 
grammed, grooved tablets in one dosage 
strength: 

37.5 mg. tablets (orange-colored) Cc) 
in bottles of 100 (NDC 0074-6088-13) 
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Imbalance 


7 a central problem 
in the management of Parkinson’s disease 





Posed by professional models 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 
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a combination of 


Sineme carbidopa and levodopa 


can mean a world of difference ` 
for some parkinsonian patients... 








Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 


Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additionnal information. 





‘and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 a carbidopa*and 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
¢ And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
4 is the most convenient strength. 


Enough carbidopa 
A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
ot levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 

Abeen taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of Involuntary Movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


“anhydrous equivalent 
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SHARES See following page for brief summary of prescribing information. 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should not be 

iven concomitantly. MAO inhibitors must be discontinued at 
ae 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed caretully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

~ As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be wélant against possible hazards icf 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural Aabi aa ian can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pane see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if Concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson’s disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions ) 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a Causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are Cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and À 
activation of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J65102 R1 (DC 6834803) 





For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp SHAR 
& Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486. DOHM 





Editorial 


Chemotherapy of Brain Tumors 


The “Blood-Brain Barrier” Is Not a Factor 


rain tumors are not rare. In the 
United States, nearly 11,000 new 
patients were seen in 1976.’ This 
number can be expected to increase as 
systemic cancers are controlled more 
effectively and as longevity is pro- 
longed. Most patients with primary or 
metastatic brain tumors are treated 
by surgery, glucocorticoid “decom- 
pression,” radiotherapy, or chemo- 
therapy—alone or in various combina- 
tions. The therapeutic yield from 
surgery alone has reached its zenith. 
While radiotherapy prolongs survival, 
and radiosensitizers such as metroni- 
dazole may add to its efficacy,** it 
seems likely that further advances in 
the treatment of brain tumors will 
come from chemotherapy. To date, 
chemotherapy of brain tumors has 
been disappointing, to say the least. 
Most oncologists assume that to be 
useful for brain tumor chemotherapy 
a drug must be lipid soluble, be union- 
ized at physiologic pH, and be of rela- 
tively small molecular size in order to 
enter the brain from the blood vascu- 
lar compartment.** While it is true 
that these are among the factors that 
determine permeability in the normal 
brain, the assumption is based on the 
mistaken belief that brain tumor 
endothelium, the anatomic site of the 
brain’s barrier function, is similar to 
that of the normal brain. 
Morphologists have long recognized 
that brain tumors contain abnormal 
blood vessels.’ Glioblastoma multi- 
forme, the most aggressive and most 
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common of the human astrocytomas, 
is characterized by extreme prolifer- 
ation of the microvasculature, to a 
degree that has suggested to many 
that the endothelial cells may partici- 
pate in the neoplastic transformation. 
Using experimental virally induced 
gliomas in a number of mammalian 
species, we established that the 
microvasculature is characterized by 
fenestrated and discontinuous endo- 
thelium."’ Normal brain parenchymal 
endothelial cells are “continuous” and 
lack fenestrations or gaps.* Studies 
with the extracellular protein tracer 
horseradish peroxidase (molecular 
weight, 44,000) in experimental brain 
tumors (Fig 1) confirm the in vivo 
permeability of fenestrated and dis- 
continuous tumor endothelium to con- 
stituents of the blood vascular com- 
partment. While horseradish peroxi- 
dase provides the most convincing 
means by which the phenomena can 
be shown, since its reaction product 
can be seen directly with light and 
electronmicroscopy, other “tracers” 
have been used as well. For example, 
inulin, a large lipid insoluble molecule, 
and para-amino hippurate, a small but 
highly ionized molecule, both enter 
brain tumors but are excluded from 
normal brain.” In some experimental 
glioma models, there are blood chan- 
nels that are lined by remnants of 
attenuated endothelial cells and blood 
channels composed of tumor cells. 
Similar endothelial abnormalities 
have now been described by others in 


almost all types of human brain 
tumors.'*** 

It is now generally agreed by 
morphologists that endothelial abnor- 
malities are characteristic of brain 
tumors. It seems likely that endothe- 
lial abnormalities and the general 
“overgrowth” of the vasculature are 
the structural bases for the “positive” 
isotope brain scan. While structural 
studies provide compelling evidence of 
the incompetence of brain tumor 
vessels, there is as yet no quantitative 
data available as to the frequency and 
distribution of the defects. In our 
experimental studies, the gliomas that 
are permeable to peroxidase are 
invariably the more anaplastic ones. 
They contain an apparently greater 
number of endothelial defects. More- 
over, the endothelial defects are more 
easily found in large caliber, thin- 
walled irregularly shaped vessels that 
are common in anaplastic gliomas. We 
have the impression that the endothe- 
lial defects occur in “clusters”; when 
one is found, it has usually been the 
case that others will be found in serial 
sections or in closely adjacent vessels. 
The occurrence of abnormal endothe- 
lium seems to. have no preferential 
localization within the tumors. We 
have seen many instances of fenes- 
trae and discontinuous endothelium in 
tumor adjacent to normal brain (the 
marginal zone). Moreover, tumor in- 
undation with peroxidase was as 
obvious in marginal zones as in the 
more central regions. In many in- 
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stances, we could observe the dense 
reaction product of peroxidase in the 
intercellular spaces of subadjacent 
normal brain parenchyma. This indi- 
cates that its leakage from incompe- 
tent tumor vessels in the marginal 
zone is great enough to allow spread to 
subadjacent normal brain. 

Our observations and beliefs are in 
direct conflict with the idea that the 
marginal zone of brain tumors has a 
“partially” intact. blood-brain barrier 
and that this zone is especially impor- 
tant with regard to chemotherapy." 
There certainly seems to be no 
morphological evidence for this con- 
cept, which seems to have been based 
on studies with transplanted experi- 
mental brain tumors. These studies 
indicated that edematous brain adja- 
cent to these tumors was more 
permeable than normal brain and less 
permeable than the central tumor 
mass to a number of solutes and 
labelled drugs. Such studies have not 
been conducted with autochthonous 
experimental brain tumors (such as 
the virally induced models) but our 
work with peroxidase permeability in 
tumors that have grown in situ 
(autochthonous) makes it seem unlike- 
ly that results would be similar. 

Correlative to the idea of the impor- 
tance of the marginal zone is the 
thesis that tumor cell repopulation 
occurs with greatest vigor in this 
region after surgery, radiation, or 
chemotherapy. Unfortunately, there 
is no published data from studies with 
either experimental or human gliomas 
to support this frequently stated 
thesis. The difficulty of making kine- 
tic analyses of the marginal zone of 
gliomas has been pointed out nicely by 
Hoshino et al'* who stated in the 
report of their study that “problems 
of identifying neoplastic glial cells 
among the large number of reactive 
host glia were avoided by excluding 
tissue taken from the boundary 
between tumor and adjacent brain.” 
It seems amply clear that too little is 
known of the marginal zone at the 
present to elevate it to a status of 
importance in the determination of 
pharmacological and cell biological 
principles underlying choice of chemo- 
therapeutic drugs for brain tumors. 

A number of pharmacological stud- 


524 Arch Neurol—Vol 34, Sept 1977 





Left, Electron-dense reaction product of horseradish peroxidase fills intercellular spaces 


between processes in this virally induced r 
endothelial gap through which intravenous 


at glioma. Arrow in capillary lumen indicates 
ly administered horseradish peroxidase has 


free access to brain. Right, Normal brain capillary with continuous endothelium. 


ies of antineoplastic agents support 


our belief that blood-brain barrier. 


function is vastly different within 
brain tumors as compared to normal 
brain and that “lipid solubility” has 
been overemphasized. The fluorinated 
pyrimidines, which exhibit little or no 
lipid solubility, readily enter the 
normal primate brain, especially when 
the drug is given by rapid intravenous 
injection,’® implying that lipid solu- 
bility may not be the critical factor in 


the passage of fluorouracil into the 
normal brain. Fluorouracil-2-"C 
reaches a concentration in ependy- 
momas in one hour, approximately 11 
times that achieved in normal brain.” 
Tator and Ushio et al?” have demon- 
strated cellular uptake of tritiated 
methotrexate by ependymoma and 
glioma cells. In addition to fluorou- 
racil and methotrexate, pharmacolog- 
ical studies in cancer patients show 
that other poorly lipid soluble drugs 
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such as cytarabine hydrochloride and 
mercaptopurine also reach significant 
concentration in the brain." In 
experiments with Walker-256-induced 
carcinomatous meningitis in rats, 
treatment with cyclophosphamide 
clearly increased lifespan of the 
animals.** Were lipid solubility the 
critical factor in therapeutic effective- 
ness in this model, this drug, whose 
active metabolites are water soluble, 
should have been ineffective.” In this 
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connection, it is interesting to note 
that carmustine, which is less lipid- 
soluble than semustine, seems to be 
more effective in prolonging survival 
in experimental brain tumors as well 
as in human gliomas.?*:?° 

If drug lipid solubility should ulti- 
mately be one or even the most impor- 
tant factor in the determination of 
efficacy of drugs for brain tumor 
chemotherapy, we would predict it 
would be because of increased trans- 


port across the glioma cell plasma 
membrane (into the tumor intracel- 
lular compartment) rather than be- 
cause of increased drug levels in brain 
extracellular space; the absent blood- 
brain barrier in brain tumors offers 
both lipid and nonlipid soluble drugs 
ready access to tumor extracellular 
space. Studies of the chemical compo- 
sition of experimental astrocytoma 
and schwannoma cell membranes 
have shown that the plasma mem- 
branes of these cells differ markedly 
from that of extraneural tumor cells 
and that the lipid composition of these 
neuroectodermally derived tumor cell 
membranes is quite similar to myelin 
in lipid content. Until the active 
metabolites of chemotherapeutic 
agents are known and precise micro- 
pharmacologic methods for measuring 
those metabolites quantitatively with- 
in cells are available, only limited 
information about intracellular access 
of drugs to glioma cells will exist such 
as that derived from crude, qualitative 
autoradiographic studies. 

In the case of metastatic brain 
tumors, it can be assumed that the 
small foci of cells from systemic 
cancers recruit their microvasculature 
from pre-existing brain endothelium 
and, in the process, induce the struc- 
tural abnormalities that enhance per- 
meability. Studies in man have shown 
that fenestrae and other distinctive 
endothelial features occur.? The 
mechanism by which incompetent 
capillaries arise is as unknown in 
metastatic tumors as in primaries, 
though it seems reasonable to think 
that this problem will be approachable 
when the physiology of tumor angio- 
genesis factor is understood.*? Metas- 
tatic brain tumors may well be suscep- 
tible to those drugs that have been 
shown to be effective on the control of 
the primary cancer, provided delivery 
is adequate. Since metastatic tumors 
have a higher growth fraction than 
their primaries, it is conceivable that 
they might be even more responsive to 
antineoplastic drugs.” Unfortunately, 
solid pharmacokinetic studies dealing 
with the transport of chemothera- 
peutic drugs into the brains of 
patients with primary or metastatic 
CNS tumors are lacking. 

We believe, therefore, that there is 
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compelling evidence to suggest that 
the “blood-brain barrier,” as it is 
generally conceived, is not one of the 
factors impeding the success of brain 
tumor chemotherapy when it is under- 
stood that the “blood-brain barrier” is 
in reality an endothelial cell barrier in 
brain tumors. This means that factors 
other than molecular size, lipid solubil- 
ity, and ionization must be considered 
in the design and administration of 
drugs to treat brain tumors. Very 
likely, dosage, route of administra- 
tion, tumor cell uptake, metabolic fate 
within the tumor cells, and the wash- 
out or sink effect of the extracellular 
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space and CSF flow are the issues that 
will have to be studied. Indeed, studies 
with fluorouracil in primates and with 
cytarabine hydrochloride in man have 
shown that route of delivery and rate 
of administration may well be critical 
factors in determination of accessi- 
bility of brain metastases to lipid 
insoluble drugs. Studies in autoch- 
thonous experimental brain tumors 
should readily provide the data needed 
for clinical oncologists to justify 
revised chemotherapeutic approaches 
to neoplasms of the CNS. Many 
autochthonous experimental brain tu- 
mor models are now available," and. 
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Original Contributions 


Evoked Response and After-Discharge 
Thresholds to Electrical Stimulation 


in Temporal Lobe Epileptics 


Diana G. Cherlow, MA; Anthony M. Dymond, PhD; Paul H. Crandall, MD; Richard D. Walter, MD; E. A. Serafetinides, MD, PhD 


© The records of electrical stimulation 
of 30 psychomotor epileptics were exam- 
ined for threshold levels of evoked 
responses and after-discharge produc- 
tion. Comparisons were made between 
anatomical sites, operated and nonoper- 
ated structures, and different disease 
States. It was found that patients with 
hippocampal sclerosis (HS) had higher 
thresholds in structures on the operated 
side. The patients with lesions other than 
HS were found to differ from those with 
hippocampal sclerosis in that there were 
no differences found between their dis- 
eased and nondiseased structures. For 
both patient groups, the amygdala had a 
much higher threshold for after-discharge 
production than either the hippocampus 
or the hippocampal gyrus. 

(Arch Neurol 34:527-531, 1977) 


P temporal lobe epilepsy the limbic 
structures medial to the temporal 
lobe are seizure-sensitive and com- 
monly the leading structures to dis- 
charge before and during the ictus.’ 
This has been learned from patients 
with drug-resistant temporal lobe epi- 
lepsy by means of intracerebral 
recordings in limbic system sites and 
neocortical epidural recordings, both 
during the interictal and ictal phases. 
Also during the interictal phases, 
epileptogenic areas are frequently 
involved with localized epileptic firing 
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not evident from surface recordings 
or behaviorally. 

Temporal lobe epilepsy is frequent- 
ly associated with pathological lesions. 
Falconer and his colleagues? estab- 
lished this by devising en bloc anterior 
temporal lobectomy including the 
amygdala and hippocampal formation 
as a surgical treatment for localized 
cases. We have confirmed this preva- 
lence in a study of 30 patients found to 
have unilateral temporal lobe seizure 
foci electroencephalographically via 
stereotactically implanted electrodes 
and by their response to anterior 
temporal lobectomy using a similar en 
bloc technique. In 20 patients from our 
series, hippocampal sclerosis (HS) was 
found; hamartomata in 5; one malig- 
nant neoplasm was encountered and 
no apparent major lesions appeared in 
four patients.** Additional ultrastruc- 
tural studies were carried out on cases 
of HS. Apical dentrites of some 
pyramidal cells of the CA 1 sector and 
portions of the subicular cortex were 
found to have fewer spines than 
might be expected. Evidence of 
ongoing degeneration of boutons, 
spines, and axons in limbic system 
sites was obtained.’ 

The estimation of the severity and 
extent of the pathological changes and 
of the epileptic disruption of cortical 
function—unilaterally or bilaterally — 
are important considerations regard- 
ing surgery in possible candidates. 
This is related to the chances of 
successful treatment and to the 
effects on cognitive functions, such as 
memory, that may be affected by one 
or both of these aspects of temporal 
lobe epilepsy. Thus, it was considered 
that electrical stimulations at limbic 


system sites may provide useful infor- 
mation regarding the above men- 
tioned considerations. 

Penfield and Jasper made exten- 
sive use of electrical stimulation in the 
vicinity of superficial cortical atrophic 
lesions of the cerebral convexities to 
define seizure foci. Such a procedure 
was often used to reproduce the 
patient’s clinical aura, and a relatively 
intense repetitive electrical stimulus 
applied to cerebral cortex for a few 
seconds was often followed by a 
sustained local after-discharge. 

In temporal lobe epilepsy it has 
been found that the pathological 
substrate is located, exclusively or 
predominantly, unilaterally in more 
than 80% of postmortem specimens. 
The articles of Sano and Malamud’ in 
the United States and of Margerison 
and Corsellis* in Great Britain de- 
tailed clinicopathological correlations 
from respectively, 50 and 55 epileptic 
patients studied during life and with 
complete examination of the brain at 
autopsy. Hippocampal sclerosis was 
found in slightly more than half the 
brains examined, and Margerison and 
Corsellis note that 80% of the 
instances of HS occurred only uni- 
laterally. In cases with neoplasms or 
hamartomata it may be possible to 
assume that the contralateral struc- 
tures were normal. 

In the side defined preoperatively 
as the temporal lobe harboring the 
seizure focus (operated lobe) and in 
the contralateral side (nonoperated 
lobe), we were interested in the rela- 
tive intensity of electrical stimulation 
required to produce an evoked re- 
sponse or an after-discharge. Postop- 
eratively, these thresholds were corre- 
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Fig 1.—Example of an evoked response. Stimulation was of right anterior hippocampal pes. Evoked response is seen in right amygdala, 
right midhippocampal pes, right posterior pes, and in cortical leads. Response ends when stimulation is terminated. Time marker equals 


one second. 


lated with the location of epileptogen- 
ic foci and the type of associated 
pathology. 


SUBJECTS AND METHODS 


At UCLA Hospital, the conditions of 
patients with temporal lobe seizures, who 
have not been controlled by drug therapy, 
are evaluated extensively with various 
EEG techniques, with radiologic methods, 
and by activation techniques to localize an 
epileptogenic focus. If such localization is 
unsuccessful and a structural abnormality 
is not identified, depth electrodes are 
implanted in order to localize the epilep- 
togenic focus. The patients were fully 
informed of the risk: benefit ratio based on 
our prior experience with more than 95 
patients. 

Electrodes were implanted stereotaxi- 
cally in symmetrical arrays in both limbic 
regions to survey the basolateral amyg- 
dala, anterior, midhippocampus, and poste- 
rior hippocampus, and anterior, midhippo- 
campal gyri, and posterior hippocampal 
gyri. Thus, 14 depth electrodes were 
implanted in each patient. The stereotaxic 
coordinates were derived from the Talai- 
rach atlas.” The stereotactic device was 
used with teleroentgenography. The im- 
plantation of the electrodes was ac- 
complished with a hollow-screw tech- 
nique.” The electrode sites were measured 
from the midline of the third ventricle and 
from a VA-LT axis of the temporal horn to 
determine the accuracy of placement on 
films with less than 3% magnification. 
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Data from electrodes outside the stereo- 
tactic limits were not used. Surface elec- 
trodes were placed on the epidural region 
according to the international 10-20 EEG 
distribution except for occipital leads. Elec- 
troencephalographic recordings were made 
on succeeding days with radiotelemetric'’ 
and “hard-wire” monitoring while video- 
taping behavior manifestations. 

Electrical stimulation was carried out 
usually after the electrodes had been in 
place for several weeks. The electrodes 
were either coaxial, with a 0.20-mm wire in 
a 0.55-mm tube and a tip separation of 1 
mm, or bipolar, with a 0.25-mm wire and a 
tip separation of 15 mm. They were of 
stainless steel with epoxy insulation. 

The stimulation sessions for each patient 
extended several hours, usually on two 
consecutive days. Initially, a particular 
electrode site was stimulated with an elec- 
trically isolated stimulator, starting at a 
low frequency and voltage (1/sec; 5 V). A 
waveform was used, with 100-usec pulses, 
separated by a 400-usec interval, being 
applied in a 20-second train. This stimula- 
tion could be shortened if the EEG showed 
change. The number of milliamperes of 
current passing through the electrode and 
the voltage across the electrode were moni- 
tored during the stimulation. The 
resistance of the electrodes ranged from 
4.7 to 12.5 kQ, with a mean of about 7 KQ. 
The frequency and voltage of stimulation 
were gradually increased (the frequency 
ranged from 1/sec to 20/sec; the voltage 
ranged from 5 to 30 V) until the patient 
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had a seizure or an after-discharge, or until 
the current reached a maximum safe level 
(the current ranged from 0.4 to 5.0 mamp, 
with a mean at about 2.7 mamp). At this 
point, another electrode site would be stim- 
ulated in the same manner. The order of 
stimulation sites was varied. 

Typical evoked responses and after- 
discharge are shown in Figs 1 and 2. 
Thresholds for evoked responses were 
recorded when the response was first seen 
in the ongoing EEG during stimulation. An 
evoked response was considered to be a 
change in the waveform, either to a slow 
wave, spiking, or both spike and slow wave, 
which was locked to the stimulation. An 
after-discharge was an electrical event 
that continued in a self-perpetuating 
fashion after the electrical stimulation was 
terminated. 

For each pulse train, the parameters of 
stimulation were recorded. The presence or 
absence of an after-discharge and an 
evoked response in any other brain site 
were also noted, plus subjective and objec- 
tive clinical symptoms. 


RESULTS 


Stimulation records have been col- 
lected from 30 patients who later were 
subjected to surgical procedures. The 
patients ranged in age from 13 to 47 
years, with a mean age of 27 years. 
The chronicity of their epilepsy was 
between three and 33 years, with a 
mean of 14.1 years. Twenty-one 
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patients received a right anterior 
lobectomy, nine a left lobectomy. 
Histologie studies of resected tissue 
were available for 25 of the patients. 
Fourteen showed HS, two had malig- 
nant astrocytoma, one showed a corti- 
cal infarction, one showed an increase 
in astrocytes in the white matter, and 
seven showed no major pathological 
lesions. These patients have been seen 
in postsurgical evaluation by the 
neurosurgeon and/or neurologist, a 
psychiatrist, and two psychologists. 
Crandall’? provides a review of the 
postsurgical assessment. 

The data from the stimulation 
records were tabulated in order to 
compare information regarding 
evoked responses and after-discharge 
thresholds. This was done by looking 
at the first instance when an evoked 
response was produced by stimulating 
each of the two bilateral sites and 
recording which had the lower thresh- 
old. After-discharge thresholds were 
compared in the same way. Separate 
tally sheets were used for comparison 
of different anatomical sites. From 
these sheets, additional comparisons, 
between operated and nonoperated 
temporal lobes and between types of 
pathology, could be made. 

From these tables, the data were 
analyzed by two means-—first by t 
tests and then the significant results 
summarized in sections 1 to 3 below 
were reanalyzed by a nonparametric 
sign test” and those in section 4 were 
checked with x? tests. The P values 
given in this article are from the 
latter two tests. The following com- 
parisons showed significant differ- 
ences, and are depicted in the Table. 

1. Whole hemisphere comparisons. 
The only difference found in whole 
hemisphere comparisons was that HS 
patients had a higher evoked response 
threshold on the operated side than 
did patients without HS (P = .05). 

2. Comparison of sites within the 
hippocampus, hippocampal gyrus, and 
amygdala separately. There were 
three significant results: (1) Patients 
with HS showed a higher threshold for 
evoked response in the operated than 
nonoperated hippocampal gyrus 
(P = .039). (2) Patients with HS 
showed a higher evoked response 
threshold in the operated than nonop- 
erated amygdala (P = .02). (3) Pa- 
tients with HS showed a higher after- 
discharge threshold in the operated 
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Patients with hippocampal sclerosis 
Evoked response threshold overall 


Evoked response threshold in amygdala 
After-discharge threshold in hippocampus 


hippocampal gyrus 
Nonsclerotic patients 


hippocampal gyrus 





than nonoperated hippocampus 
(P = .015). The patients without HS 
showed no difference between the 
operated and the nonoperated sides. 

3. Comparison of the hippocampus 
vs the hippocampal gyrus. There were 
two significant results: (1) On the 
nonoperated side, for patients without 
HS (P=.11) and for all patients 
combined (P = .005), but not for HS 
patients, the hippocampus had a high- 
er after-discharge threshold than did 
the hippocampal gyrus. (2) For HS 
patients, on the operated side only, 
the hippocampus had a higher after- 
discharge threshold than did the gyrus 
(P = .015). 

4. Number of after-discharges ob- 
tained from the number of times site 
was stimulated. For each of the above 
comparisons, an evoked response or an 
after-discharge had to have been 
elicited in order for the corresponding 
sites to be compared. While nearly all 
sites stimulated resulted in an evoked 
response elsewhere in the temporal 
lobe, many sites showed no after- 
discharge even when the current was 
raised to maximum safe levels (5 
mamp). Therefore, for the hippocam- 
pus, the hippocampal gyrus, and the 
amygdala, we examined whether or 
not an after-discharge was produced 
for each of these sites, which were 
matched for pathologic change. 

The hippocampus and hippocampal 
gyrus showed nearly equal rates of 
after-discharge production. But both 
sites produced after-discharges more 
often than did the amygdala (gyrus vs 
amygdala, P < .001; hippocampus vs 
amygdala, P < .03). 

No threshold differences in evoked 
responses or after-discharge produc- 
tion could be ascribed to cerebral 
dominance, as inferred from handed- 
ness. Nor were any differences found 
that could be related to postoperative 
seizure relief or problems. 


Important Results Concerning Threshold Levels 


Evoked response threshold in hippocampal gyrus 


After-discharge threshold in hippocampus vs 


After-discharge threshold in hippocampus vs 






Resected Nonresected 
Lobe Lobe 


Higher Lower 
Higher Lower 
Higher Lower 
Higher Lower 
Higher No Difference 


No Difference Higher 


COMMENT 
Research on cell pathology in epilep- 


sy may explain some of these 
findings. Many investigators have 
found that in HS there is a dropping 
out of cells in various portions of the 
hippocampus. This was also found in 
our patients by Brown.’ Additionally, 
there is dendritic spine loss,> which 
could be a result of deafferentation of 
the neurons in the area. Ward™ has 
found that by creating epileptogenic 
foci in monkeys with alumina, the 
neurons in the focus become partially 
deafferented; and an electrode in that 
area might not show an evoked 
response from electrical stimulation 
in another area because of the deaf- 
ferentation. Alternately, there may be 
no or very few neurons in the sclerotic 
area; thus, there would be no cells to 
propagate an electrical impulse to 
another brain site. 

Deafferentation or neuronal loss 
might explain a higher threshold for 
the evoked response when stimulating 
the amygdala or hippocampal gyrus in 
our patients. If it were the case that 
normally stimulation of the hippo- 
campal gyrus or amygdala led to an 
evoked response in the hippocampus, 
then, if the hippocampus were deaf- 
ferented by sclerosis or had few cells, 
it would be much more difficult to get 
an evoked response from hippocampal 
gyrus or amygdala stimulation. 

Support for this mechanism comes 
from examining where the evoked 
response of lowest threshold occurred 
when these structures were stimu- 
lated. For nonsclerotic patients, when 
the hippocampal gyrus was stimu- 
lated, the response was usually in the 
hippocampus as opposed to the amyg- 
dala or other hippocampal gyrus sites 
(P = .016). Stimulation of the amyg- 
dala usually produced a response in 
the hippocampus, also (P = .172). This 
is in accordance with Buser et al."® For 
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patients with HS, the response to 
amygdala and gyrus stimulation was 
equally divided between hippocampal 
and nonhippocampal structures. Thus, 
one can conclude that, normally, gyrus 
or amygdala stimulation leads to a 
lowest-threshold evoked response in 
the hippocampus. However, when scle- 
rosis causes neuronal loss and deaffer- 
entation of the remaining neurons in 
the hippocampus, the threshold for 
getting an evoked response from 
amygdala or gyrus stimulation is 
increased because the normal path- 
ways are no longer functioning prop- 
erly. 

In patients with HS, it is more 
difficult to elicit an after-discharge in 
the diseased hippocampus than in 
both the diseased hippocampal gyrus 
and the nondiseased hippocampus. 
This is in contrast to other find- 
ings™®®" that show partially dener- 
vated cortex to have a lower after- 
discharge threshold. The decrease in 
sensitivity found in our patient group 
can perhaps be explained by neuronal 
loss. Both Pinsky and Burns" and 
Segal and Leclercq’® have found that 
neuronal density is a critical factor in 
the production of an after-discharge. 
It is possible that the cell loss 
combined with the partial denervation 
has increased the after-discharge 
threshold in the sclerotic hippocampus 
and that the area most sensitive to 
electrical stimulation is the adjacent 
area. 

Except for a higher after-discharge 
threshold in the hippocampus than in 
the hippocampal gyrus on their nonop- 
erated side, the patients without scle- 
rotic lesions show none of these differ- 
ences between resected and nonre- 
sected structures, and it is possible 
that the cause of the seizures in these 
patients (change in blood supply due 
to tumors or activation by a remotely 
discharging area”) is more confined. 

One might expect that the nonoper- 
ated side in patients with tumors 
would be normal. With the nonoper- 
ated side in sclerotic patients the 
situation is doubtful, based on elec- 
trical evidence. Either of the two 
etiological factors suggested as re- 
sponsible for hippocampal sclerosis, 
herniation at birth” or hypoxia during 
febrile convulsions, could conceiv- 
ably produce bilateral damage. The 
fact that it was no more difficult to 
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produce an after-discharge in the 
hippocampus than in the hippocampal 
gyrus on the nonreseeted side, as it 
was on the resected side, may indicate 
that the disease process, if present on 
both sides, varies. 

There are some cautions in inter- 
preting the results we found. It is 
possible that our threshold levels 
would not be entirely reproducible, 
since the stimulation often occurred 
with little time lapse between differ- 
ent, separated sites. Ajmone Marsan” 
states that repeated electrical stimu- 
lation of the same structure may 
modify its after-discharge threshold, 
with the direction of the modification 
being either as an increase or a 
decrease. This would probably be miti- 
gated since we were comparing rela- 
tive, not absolute values and, with the 
large number of stimulations em- 
ployed, minor variations would cancel 
themselves out. 

It was most difficult to produce an 
after-discharge in either the operated 
or nonoperated amygdala. This would 
indicate that in humans, at least, the 
amygdala is not as sensitive to elec- 
trical stimulation as are the other 
temporal lobe structures. This contra- 
dicts animal work in the cat: and in 
the monkey,” which found essentially 
comparable threshold levels for the 
hippocampus and amygdala. The af- 
ter-discharge thresholds of patients 
whose psychomotor epilepsy is cen- 
tered in the amygdala show a differ- 
ent pattern. In the series by Falconer 
et al,” many of the patients had scle- 
rosis involving the amygdala or 
tumors of this area, and these patients 
had lower after-discharge thresholds 
in the amygdala than in the hippocam- 
pus. Of interest is the fact that all of 
these patients were from a psychiatric 
hospital and only four of the 100 seen 
had normal personalities preopera- 
tively. 

This work was supported by US Public Health 
Service grant NS 02808. 

Dr Eric Halgren and Dr Thomas Babb provided 
concerned and critical comments on the manu- 


script. Dr W. Jann Brown supplied his pathology 
reports. 
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Amaurosis Fugax From Disease of the 


External Carotid Artery 


Mitchell D. Burnbaum, MD; John B. Selhorst, MD; John W. Harbison, MD; John J. Brush, MD 


è Three patients with proved internal 
carotid artery occlusion and diseased 
external carotid artery or common carotid 
artery had amaurosis fugax. Evidence for 
retinal embolization through external ca- 
rotid collaterals is retinal emboli and 
infarction after carotid artery manipula- 
tion, amaurosis during external carotid 
angiography, and relief of amaurosis by 
endarterectomy of this vessel. The abun- 
dance of external carotid collaterals, their 
size, and natural incidence are discussed. 
Reports clinically support embolization to 
the central retinal artery and ophthalmic 
artery through these collaterals. 

(Arch Neurol 34:532-535, 1977) 


Ta o of the source of emboli 
causing amaurosis fugax is im- 
portant in prevention of transient 
ischemic attacks, cerebral infarction, 
or retinal infarction. Atheromatous 
emboli often originate in the extra- 
cranial carotid system and pass 
through the internal carotid artery to 
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the eye or brain.'” 

Atheromatous disease of the exter- 
nal carotid artery is not well docu- 
mented as a source of retinal emboli. 
Its recognition would be important as 
a potential source of retinal and cere- 
bral infarction. We describe three 
patients with amaurosis fugax who 
had diseased external carotid arteries 
on angiography. Clinical evidence 
from these three patients and from 
the literature supports embolization 
through external carotid artery collat- 
erals to the central retinal branch of 
the ophthalmic artery. 


REPORT OF CASES 


Case 1.—A 58-year-old man had angina 
for 16 years. Loss of vision in the right eye 
of ten minutes’ duration was accompanied 
by right-sided headache, diaphoresis, ver- 
tigo, and numbness in his left fingers. 
Three similar attacks occurred in one 
week. 

Examination disclosed a bruit over the 
right carotid artery. Right temporal artery 
pulsation was reduced. Ophthalmodyna- 
mometry pressures were 86/38 gm on the 
right and 58/42 gm on the left. Brachial 
blood pressure was 126/86 mm Hg. Intraoc- 
ular pressures were normal. In each eye, a 
yellow-white plaque was seen in a branch 
of the central retinal artery. Right carotid 
angiography showed occlusion of the inter- 


nal carotid artery at its origin. 

Multiple attacks of amaurosis fugax in 
the right eye continued for three weeks. A 
white plug was seen in the central retinal 
artery of the right eye and its proximal 
branches during one amaurotic attack. 
Ophthalmoplethysmography showed re- 
duced amplitude of right ocular pulsations. 
With right carotid compression, ocular 
pulsations appeared at 40 mm Hg pressure 
in the right eye. After compression, the 
patient experienced excruciating right 
hemicranial pain for 12 hours. Several addi- 
tional cholesterol emboli were then ob- 
served in the fundus of the right eye (Fig 1, 
left). 

One week later, the right external and 
common carotid arteries were clamped and 
divided. Stump pressure of the right 
external carotid was 55 mm Hg (normal is 
greater than 50 mm Hg). The exposed 
artery was so friable that the bifurcation 
was resected, and the external carotid and 
the common carotid arteries were reanas- 
tomosed. The removed segment contained 
a large ulcerated plaque. 

On recovery from anesthesia, the patient 
was blind in his right eye. Ophthalmoscopy 
showed diffuse retinal infarction, sluggish 
arterial blood flow, and many additional 
emboli (Fig 1, right). The remainder of the 
postoperative course was unremarkable. 
Vision did not improve. 

Case 2.—Three months after a myocar- 
dial infarction, a 52-year-old man had 
several amaurotic attacks in his left eye. 
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Fig 1.—Left, After carotid artery compression, several highly refractile emboli lodged at arterial bifurcations in right eye. Right, Two hours 
after endarterectomy, many additional cholesterol emboli were observed in right fundus. The retina is diffusely infarcted. Arrows indicate 
two large, fresh emboli. 


Fig 2.—Left, Left internal carotid artery is occluded. Arrow indicates severely stenotic origin of the external carotid artery. Right, Later- 


phase angiogram shows retrograde filling of ophthalmic artery branch. Outline of sella turcica and clivus is superimposed on each 
photograph. 
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Findings on general physical and neuro- 
logic examinations were normal. No caro- 
tid bruits were heard. Findings from 
ophthalmoscopy of each eye were within 
normal limits. Results of routine labora- 
tory studies were normal. At angiography, 
the left internal carotid artery was totally 
occluded, and the left external carotid was 
severely stenotic (Fig 2, left). Despite this 
stenosis, the ophthalmic artery filled in a 
late-phase angiograph and demonstrated 
retrograde flow through external carotid 
collaterals (Fig 2, right). With contrast 
injection into the left common carotid 
artery, the patient had two minutes of 
visual loss in his left eye. The patient was 
treated with an anticoagulant drug and 
had no further visual symptoms. He died 
suddenly one year later. 

Case 3.—A 68-year-old man had recur- 
rent right amaurosis fugax for one month 
prior to the abrupt onset of left hemipar- 
esis and hemianesthesia. Two years later, 
several episodes of monocular visual loss 
occurred again on the right. Examination 
showed bilateral carotid bruits, spastic left 
hemiparesis, and right ptosis and miosis. 
Carotid angiography disclosed a complete- 
ly oceluded right internal carotid artery 
and an ulcerated plaque in a severely 
stenotic right external carotid artery. 

One year after right external carotid 
endarterectomy, the patient has not had 
further visual symptoms. 


COMMENT 


There is evidence for the existence 
of an abundant collateral circulation 
to the orbit from branches of the 
external carotid artery. Retrograde 
filling of the ophthalmic artery via 
these collaterals is recognized by 
selective external carotid angiogra- 
phy.‘ With direct magnification and 
subtraction techniques, Vignaud and 
co-workers’ demonstrated multiple 
anastomotic channels between 
branches of the external carotid and 
the ophthalmic arteries. Using similar 
methods with selective catheteriza- 
tion of the internal maxillary artery, 
Lasjuanias and co-workers® catego- 
rized these anastomoses into superfi- 
cial and deep groups, represented 
schematically in Fig 3. 

The superficial anastomoses are 
found primarily about the eyelids. 
They are fed by superficial temporal, 
angular, and sphenopalatine branches 
of the external carotid artery and 
supply the ophthalmic artery via its 
lacrimal, palpebral, dorsonasal, and 
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- Internal Carotid A. 
EC - External Carotid A. 


F - Facial A. 
A - Angular A. 
IM - Internal Maxillary A. 


MM - Middle Meningeal A. 
ADT- Anterior Deep Temporal A. 
SpP - Spheno - Palatine A. 

IO - Infraorbital A. 

ST - Superficial Temporal A. 
OA - Ophthalmic A. 

AE - Anterior Ethmoidal A. 
DN - Dorsal Nasal A. 

SP - Superior Palpebral A. 

IP - Inferior Palpebral A. 

R - Recurrent Meningeal A. 

M - Meningo - Lacrimal A. 

L - Lacrimal A. 

ON - Optic N. 












anterior ethmoidal branches. The deep 
anastomoses lie in the posterior orbit 
and are fed by the middle meningeal, 
anterior deep temporal, and infraor- 
bital branches of the internal maxil- 
lary artery. Coursing along the ante- 
rior border of the middle fossa, the 
anterior division of the middle menin- 
geal artery gives off recurrent menin- 
geal and meningolacrimal branches 
that traverse the superior orbital 
fissure and meningolacrimal foramen, 
respectively, to join with lacrimal 
artery branches. The anterior deep 
temporal artery and the infraorbital 
artery enter the orbit through the 
inferior orbital fissure and connect 
with branches of the lacrimal ar- 
tery.’ 

Are external carotid collaterals of 


Fig 3.—Schematic representation shows many possible collateral connections 
between external carotid and ophthalmic arteries. Orbit is viewed along axis of left 
optic canal. Optic nerve is retracted. Not shown are inferior palpebral branches 
and their anastomoses with external collaterals. Meningeal vessels passing 
through middle cranial fossa are not drawn. 

























sufficient size to permit passage of 
cholesterol or platelet emboli large 
enough to occlude retinal arteries? 
The central retinal artery is 0.3 mm in 
diameter.® External carotid collaterals 
described by Vignaud and co-workers 
are 0.1 to 0.3 mm in diameter. Thus, 
external carotid collaterals are large 
enough to allow passage of ophthal- 
moscopically observed retinal emboli 
through the ophthalmic artery to the 
central retinal artery and its 
branches. 

Not only do numerous collateral 
circuits between the external carotid 
and the ophthalmic arteries develop in 
the presence of atheromatous carotid 
disease, but the natural incidence of 
external carotid collaterals may be 
greater than expected. In a series of 
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106 consecutive autopsies, Singh and 
Dass* discovered a hyperplastic recur- 
rent meningeal artery with an aplas- 
tic or hypoplastic ophthalmic artery in 
six dissected cadaver orbits. 

Evidence for the clinical importance 
of external carotid collaterals to the 
ophthalmic artery is derived from 
several sources. Transient amaurosis, 
ophthalmoparesis, and retinal infarc- 
tion may occur after injection for 
dental anesthesia.* All injections are 
near inferior or superior alveolar 
branches of the internal maxillary 
artery. Most investigators believe the 
anesthetic passes through deep anas- 
tomoses of external carotid to oph- 
thalmic artery and causes transient 
visual disturbances. Walsh and Hoyt" 
postulate a similar mechanism to 
explain retinal infarction with dental 
injection and state that embolization 
occurs from the oil base of the anes- 
thetic. 

An embolic origin for amaurosis 
through external carotid collaterals in 
our first patient is supported by the 
angiographic and surgical observation 
of an occluded internal carotid artery 
and pathologic demonstration of a 
source for the platelet-fibrin embolus 
observed during one of his amaurotic 
episodes. Appearance of additional 
cholesterol emboli in the retinal circu- 
lation after carotid compression and 
again immediately after external ca- 
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rotid endarterectomy is evidence that 
external carotid collaterals to the orbit 
are patent and of sufficient size to 
allow passage of emboli. Widespread 
embolization to external carotid 
branches in the scalp explains the 
excruciating unilateral headache that 
immediately followed carotid com- 
pression. 

Platelet emboli forming on a cath- 
eter tip or atheromatous emboli brok- 
en off by a catheter during angiogra- 
phy have been reported. This is the 
probable cause of amaurosis in our 
second patient, although it may have 
resulted from passage of a high 
concentration of contrast medium 
through the retinal vasculature. In 
any event, the mechanism for amau- 
rosis in this patient depends on 
external carotid collaterals demon- 
strated angiographically. 

Ehrenfeld and Lord’ described a 
patient with amaurosis fugax who had 
an ipsilaterally occluded internal ca- 
rotid artery and an ulcerated plaque 
at the origin of the external carotid 
artery. Following endarterectomy, his 
amaurotic attacks ceased. Our third 
patient’s course is identical to the 
report of Ehrenfeld and Lord. It is of 
interest that Barnett and Aldis” have 
described a patient with internal 
carotid artery occlusion and a patent 
external carotid whose cerebral tran- 
sient ischemic attacks stopped when 
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the irregularly stenosed ipsilateral 
common carotid artery became oc- 
cluded. Apparently, their patient’s 
attacks were also due to emboli 
passing through external carotid col- 
laterals. More recently, Barnett and 
co-workers™ have described a larger 
group of patients who apparently 
embolized the cerebrum through ex- 
ternal carotid collaterals. Three of 
their patients responded to surgical 
removal of atheromatous material in 
the ipsilateral carotid system. 

Our experience suggests that in the 
presence of internal carotid occlusion, 
external or common carotid atheroma- 
tous disease is a potential source for 
retinal emboli. In these instances, 
Barnett and colleagues report that 
extracranial carotid emboli pass 
through external carotid collaterals to 
reach the cerebral circulation. Exter- 
nal carotid endarterectomy is a simple 
procedure. It is possibly indicated to 
prevent retinal infarction when amau- 
rosis fugax recurs in the presence of 
ipsilateral internal carotid artery oc- 
clusion and external carotid or com- 
mon carotid ulceration or stenosis. 
Because of postoperative retinal in- 
farction with cholesterol emboli in our 
first patient, the risk of surgically 
induced embolization from the dis- 
eased ipsilateral carotid system to the 
eye and possibly to the cerebral circu- 
lation should not be overlooked. 
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Hyperhydrosis in Paraplegia 


Lawrence W. Kneisley, MD 


èe A 20-year-old man suffered head, 
chest, and abdominal trauma in an auto 
accident resulting in a traumatic dissect- 
ing aneurysm of the thoracic aorta. Hypo- 
tension developed. The aneurysm was 
resected and replaced with a prosthetic 
graft. Postoperatively, the patient was 
found to be paraplegic below T-9, 
areflexic and anesthetic to pain and 
temperature, with preservation of vibra- 
tion and position senses. In the ensuing 
nine months, the patient regained consid- 
erable sensory function in his lower 
extremities and had severe constant 
hyperhydrosis below the T-9 dermatome. 
The exaggerated sweating was unaffected 
by temperature change and anxiety. It was 
diminished by methantheline bromide 
treatment but never abolished. The spinal 
cord lesion is postulated to be anterior 
horn cell loss, with preservation of inter- 
neurons and intermediolateral gray 
columns. Disinhibition of sympathetic 
circuits or sprouting of axons are 
proposed mechanisms. 

(Arch Neurol 34:536-539, 1977) 
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cic ad is a rare but well-recog- 
nized complication of surgical 
resection of abdominal aortic aneu- 
rysms. In contrast, thoracic aortic 
aneurysm repair more commonly pro- 
duces paraplegia. Only about 30 
patients after resection of abdominal 
aortic aneurysm have been reported in 
the English literature. However, 
about 5% of resections of thoracic 
aortic aneurysms are complicated by 
paraplegia. In none of these patients 
has continuous hyperhydrosis below 
the level of the lesion been noted. This 
report describes a case of flaccid para- 
plegia after resection of a traumatic 
thoracic aortic aneurysm, with spar- 
ing of posterior column and touch 
sensation and with exaggerated 
sweating below the level of the 
lesion. 


REPORT OF A CASE 


A 20-year-old man was involved in a 
high-speed automobile accident in which he 
was wearing a seat belt and was not 
thrown from the car. He did not lose 
consciousness. When examined at the 
hospital, he was found to be alert and 
o ia ee 
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complained only of mild chest and abdom- 
inal pain. There was mild, right lower- 
quadrant abdominal tenderness with re- 
bound, but bowel sounds were present. In 
the ensuing eight hours, his abdominal 
pain became worse and, at the end of that 
time, he was found to be hypotensive. 

A thoracic aortogram showed a trau- 
matic dilation of the thoracic aorta begin- 
ning at the origin of the left subclavian 
artery and extending distally for 24% cm. 
The abdominal aorta showed no abnormal- 
ities. 

The mediastinum was explored through 
a left thoracotomy and was found to harbor 
a large hematoma and nearly circumferen- 
tial interruption of the aortic intima begin- 
ning just below the ligamentum arterio- 
sum. After clamping the aortic arch, back- 
flow pressure from a cannula in the left 
femoral artery was estimated to be 50 to 60 
mm of mercury, and cardiopulmonary 
bypass was not used. The aorta was 
clamped for 20 to 25 minutes. The first and 
second intercostal arteries were ligated 
and cut, and a 6-cm prosthetic graft was 
sewn into place. The abdomen was then 
explored and found to contain 500 ml of 
free blood; two rents were repaired in the 
small bowel mesentary, and two retroperi- 
toneal hematomas were removed. 

Postoperatively, the patient could not 
move his legs. He was areflexic and had a 
T-10 sensory level. Specific modalities and 
presence or absence of sweating and bowel 
function were not described, but he 
required a Foley catheter for several 
weeks. Results of a pantopaque myelogram 
three weeks later were normal, and CSF 
examination disclosed a protein level of 51 
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mg/100 ml and no cells. An electro- 
myogram three weeks after his injury 
showed normal nerve conduction velocity, 
occasional fibrillations in the tibialis ante- 
rior muscle, no fasciculations, and no inter- 
ference pattern. Over the following 13 
months, the patient had slight movement 
of his lower extremities but remained 
wheelchair-bound. He noted fasciculations 
in his thighs and calves. 

A physical examination 13 months after 
operation showed minimal motion in the 
hip flexors, foot and toe flexors and exten- 
sors, a positive Beevor sign, and absent 
muscle stretch reflexes in the lower 
extremities. There was hypalgesia below 
T-9, with sparing of sacral dermatomes 4 
and 5 and dysesthesia such that cold 
objects placed on the skin below T-9 were 
felt as slightly warm. Touch, vibration, and 
position senses were absolutely normal. He 
had reflex and psychogenic erections, 
hyperemic feet, and a persistent hyperhy- 
drosis beginning at the T-10 dermatome 
and involving his lower extremities. The 
sweating was less in sacral dermatomes 3, 
4, and 5 but still present in excessive 
amounts. It was most marked on the soles 
of the feet. Sweating above T-10 was 
present in normal amounts in hot weather 
and absent in cold weather. The palms 
sweated during periods of anxiety but not 
to excess. A quantitative sweat test was 
performed at Children’s Hospital Medical 
Center, Boston, 23 months after the injury. 
It showed that the amount of sweat 
secreted after pilocarpine stimulation in 
equal-sized patches (5 x 5 em) of skin was 
nearly ten times greater on the leg than on 
the forearm (45 mg vs 405 mg). The chlo- 
ride and sodium content was high in the 
forearm (89 and 82 mEq/liter) and low in 
the leg (32 and 33 mKq/liter). Potassium 
concentration was the same in both 
forearm and leg (13 mKq/liter). High chle- 
ride content of sweat is found in patients 
with cystic fibrosis, but this patient had 
been healthy and there was no history of 
cystic fibrosis in his parents or two 
siblings. The hyperhydrosis was present in 
cold weather, slightly worse in hot weather 
and accompanied by anxiety. Oral methan- 
theline bromide, 50 mg, did not reduce the 
sweating. A dose of 100 mg reduced it 
considerably but caused dryness of the 
mouth. The wheal and flare response was 
preserved. There were no dysreflexic crises 
or leg spasms in association with his sweat- 
ing; his urine has remained sterile and his 
blood pressure normal. An electrom yogram 
23 months after the injury showed no 
fasciculations in the muscles of the lower 
extremities or in paraspinous muscles. 
Fibrillations were seen, however, in a 
number of muscles of the lower leg. 
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COMMENT 
Blood Supply to the Spinal Cord 


The classic modern descriptions of 
the blood supply to the spinal cord 
were written by Adamkiewicz? in 1882 
and Kadyi? in 1889. Adamkiewicz 
described the anterior and posterior 
spinal arteries as anastomosing: ar- 
terial channels originating from seg- 
mental aortic vessels. Kadyi’s investi- 
gations of more than 50 cadavers 
Showed that there were five to ten 
(average of eight) anterior, unpaired 
radicular arteries originating from 
the aorta and the vertebral arteries; 
these arteries join to form the ante- 
rior spinal artery in the spinal canal, a 
single unpaired vessel extending from 
the foramen magnum to filum termi- 
nale. In addition, there were 10 to 24 
smaller posterior radicular arteries 
branching from the vertebral arteries, 
upper intercostal branches, and the 
thoracic and lumbar aorta. They form 
the posterior spinal arteries, paired 
tortuous arteries on the posterior 
surface of the spinal cord. Anasto- 
mosis between the anterior and poste- 
rior arteries occurs in the vasa corona, 
small circumferential arteries form- 
ing a network on the outer lateral 
surface of the cord. 

On the basis of work by Bolten,’ it 
was thought that the posterior spinal 
arteries supplied the posterior 
columns and outer posterior horns and 
the anterior spinal artery supplied the 
remainder of the spinal cord. More 
recent experimental work‘ using mon- 
keys has shown that like the cerebral 
circulation, there is “bed territory” 
supplied exclusively by one artery and 
“border zones” where two circulations 
overlap. These experiments have 
shown that the central gray area of 
the lumbar spinal cord is supplied by 
the anterior spinal artery, the poste- 
rior portion of circumferential white 
matter and posterior columns by 
posterior spinal arteries, and the ante- 
rior circumferential subpial white 
matter by the vasa corona. A border 
zone roughly circular in shape, sur- 
rounds the bed territory of the ante- 
rior spinal artery, and receives blood 
supply from the vessels bordering it. 
It should be noted that the border zone 
includes the lateral anterior horns 
(Figure). Border zone infarction has 





Predicted lesions in spinal cord. Selective 
necrosis of anterior horn cells, with 
preservation of interneurons and interme- 
diolateral gray columns. PC indicates 
posterior columns; CS, corticospinal tract; 
IL, intermediolateral gray columns; VS, 
vestibulospinal tract; ST, spinothalamic 
tract (lateral); CC, Clark’s column; DR, 
dorsal root; SG, substantia gelatinosa; and 
SPN, sacral parasympathetic nucleus. 


been discussed as a mechanism of 
spinal cord injury after aortic aneu- 
rysm repair in humans by Hogan and 
Romanul.’ Their concept of a trans- 
verse border zone lesion was mislead- 
ing, however, in that they considered 
the central gray matter to be a border 
zone between anterior and posterior 
circulations and the anterior horns to 
be in the bed territory of the anterior 
spinal artery. The experiments of 
Fried and Aparicio’ show that the 
opposite is the case. They demon- 
strated this by ligating the anterior 
spinal artery in the monkey and 
observing that the histologically de- 
monstrable infarction lay in the 
central gray matter, often extended 
to the surrounding white matter 
without hemorrhage and with relative 
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sparing of the lateral anterior horns. 
The infarction was concentrated in 
lumbar spinal cord segments 3 to 6. 


Predicted Pathologic Alteration 


A possible distribution of the patho- 
logical abnormalities is shown in the 
Figure. The anterior horns are af- 
fected by loss of the alpha motoneu- 
rons and some interneurons, with 
sparing of the axons of cells coursing 
through the anterior horns. Examples 
of such axons are those destined for 
the spinothalamic tracts after cross- 
ing from the opposite substantia gela- 
tinosa and axons subserving sympa- 
thetic function whose cell bodies lie in 
the intermediolateral gray columns. 
Since the anterior horn cells are the 
most sensitive to anoxia while axons 
are more resistant, a moderate reduc- 
tion in blood flow through the aorta 
and consequent moderate ischemia for 
20 to 25 minutes could conceivably 
produce a selective lesion. 


Clinical Considerations 


The paraplegias described in hu- 
mans after abdominal or thoracic 
aortic surgery are striking for their 
near uniformity of clinical features 
and lesions. While the degree of paral- 
ysis is variable and recovery may occa- 
sionally result, the patients are invari- 
ably areflexic or hypoflexic. Pyram- 
idal tract signs such as extensor 
plantar responses and hyperreflexia 
are rarely seen. When sensory loss is 
incomplete, touch is most likely to be 
spared. Several authors have com- 
mented on the difficulty in distin- 
guishing this picture from a cauda 
equina infarction’; infarction of the 
cauda equina has never, to our knowl- 
edge, been described, however, and all 
abnormalities lie in the lumbar and 
sacral spinal cord. The pathologic 
change in reported patients is striking 
for the consistent necrosis of the cell 
bodies of the anterior horns, while the 
nearby white matter varies from 
perfectly normal to necrotic. Central 
gray matter is much more often 
affected than the white. In some 
patients the damage is so restricted to 
the anterior horns that it has been 
called “ischemic funicular necrosis.’* 
It is this distribution of damage, the 
necrosis of anterior horns, that 
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accounts for the flaccid, areflexic 
paraplegia seen so commonly after 
ischemic damage to the spinal cord 
after resection of an aortic aneurysm. 
The presence of fibrillations but no 
fasciculations three weeks after inju- 
ry is still compatible with anterior 
horn cell damage, although fascicula- 
tions might be expected. The electro- 
myogram was done elsewhere and the 
actual tracing is not available. An 
electromyogram done here 23 months 
after the injury showed fibrillations 
but no fasciculations. This is not 
unexpected since the anterior horn 
cells have already died and are no 
longer discharging; the electromyo- 
gram will thus record only the fibrilla- 
tions typical of denervated muscle. 

Continuous hyperhydrosis has not 
been described in spinal cord injuries. 
Anhydrosis below the level of the 
lesion is the rule in complete lesions of 
the spinal cord.’ In incomplete lesions, 
the remaining sweating function is 
variable, usually diminished. After 
cervical tractotomies for intractable 
pain, ipsilateral hypohydrosis but not 
anhydrosis has been observed, im- 
plying bilaterality of sympathetic 
function in the spinal cord. Often only 
one extremity such as a leg will show 
hypohydrosis below the cordotomy 
site, implying a somatotopic arrange- 
ment of descending sudomotor fi- 
bers."° 

In lesions of the cauda equina, 
however, sweating is typically normal. 
This is because the sympathetic fibers 
join lumbar and sacral roots after they 
have exited from the spinal cord. 


Hyperhydrosis in Cord Lesions 


Hyperhydrosis is most commonly 
seen in quadriplegics and high-level 
paraplegics during episodes of auto- 
nomic dysreflexia.''"* After a specific 
stimulus such as a distended bladder 
or rectum, a stereotyped response 
developed consisting of excessive 
sweating, especially above the level of 
his lesion, cutaneous flushing, pound- 
ing headache, hypertension, and re- 
flex bradycardia. The syndrome is 
episodic and related to a demonstrable 
cause. The patient reported here had 
continuous sweating below the lesion, 
with none of the other features of 
dysreflexia. Autonomic dysreflexia is 


seen in patients with lesions of the 
spinal cord above the fifth thoracic 
segment in which the thoracic cord 
below the lesion is still viable. The 
hypertension has been ascribed to the 
sudden reflex release of norepineph- 
rine from sympathetic nerve termi- 
nals, which could also result in exag- 
gerated release of epinephrine and 
norepinephrine from the adrenal me- 
dulla, further raising the blood pres- 
sure. Systolic and diastolic blood pres- 
sure rise from normal to levels as high 
as 240 to 280/120 to 140 mm Hg. Since 
the parasympathetic (vagal) innerva- 
tion to the heart is intact, the carotid 
sinus baroreceptor reflex causes a 
bradycardia of 40 to 50 beats per 
minute. There is vasoconstriction of 
the skin below the level of the lesion 
and diminished blood flow to the lower 
extremities. Patchy vasodilation 
occurs in the skin above the lesion, 
especially in the veins of the neck and 
face. Central venous pressure rises 
sharply in those patients with lesions 
above T-5 and barely at all in lesions 
below T-6. Sweating and piloerection 
is a regular feature of the syndrome, 
usually starting in the face and fore- 
head, spreading later to both arms and 
chest, tapering off within one or two 
dermatomes below the sensory level. 
The sweating is more frequent and 
more exaggerated in cervical cord 
lesions than in mid- or high thoracic 
lesions. The mechanism by which the 
normal spinal cord is induced to 
display exaggerated sweating is 
unknown. It is probably not the 
noncholinergic, epinephrine-induced 
sweating demonstrated by Allen and 
Roddie™ since the sweating can occa- 
sionally occur without tachycardia or 
hypertension. The same clinical syn- 
drome occurs when pregnant quadri- 
plegic women experience uterine con- 
traction during labor. In this situa- 
tion, the syndrome is prolonged and 
the Horner’s syndrome may be 
replaced by excessive facial sweating 
and pupillary dilation. 

Head and Riddoch” distinguished 
normal, thermoregulatory sweating 
above the level of the lesion from so- 
called “spinal sweating” below the 
level of the lesion. The latter is also a 
feature of autonomic dysreflexia 
though much less common. Three 
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patients described in detail by List 
and Pimenta" in 1944 demonstrated 
frequent episodes of drenching sweat 
that were always in association with 
position change, the assumption of the 
prone or lateral decubitus posture, 
severe flexor spasms, or reflex blad- 
der emptying. The sweating was 
never an isolated phenomenon but 
was always associated with other 
manifestations of spinal reflex activ- 
ity. This sweating is certainly a frag- 
ment of the activity of the isolated 
disinhibited spinal cord. (With anti- 
biotics and modern bladder manage- 
ment, the dysreflexic syndromes de- 
scribed by these authors have become 
much less common.) In contradistinc- 
tion to these cases, the patient 
reported here has continuous sweat- 
ing unrelated to body position and 
occurring in the absence of any other 
spinal reflex activity. 

It is curious that the sodium and 
chloride content in the sweat from the 
leg was so low. This suggests an 
excess of water compared to elec- 
trolyte is being secreted. Low sweat 
electrolyte values are also found in 
persons acclimated to tropical weath- 
er. This patient, however, lived in a 
temperate climate and the electrolyte 
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determinations were done during the 
winter. 

The neurotransmitter of sweat 
function though part of the sympa- 
thetic nervous system is acetylcholine 
at both sympathetic ganglia and 
neuroeffector junction. Anticholiner- 
gic blocking agents such as atropine 
have been useful in this patient and 
others in controlling the excessive 
sweat. Circulating catecholamines, 
however, also play a role in sweat 
production via a noncholinergie mech- 
anism. This is presumably the mecha- 
nism responsible for attacks of sweat- 
ing in pheochromocytoma. In normal 
volunteers, sweating after intrave- 
nous isoproterenol treatment can be 
reduced by propranolol hydrochloride 
but not by atropine." Catecholamines 
were not measured nor were they 
administered to the patient reported 
here. 

The mechanism for hyperhydrosis 
in this patient is a matter of specula- 
tion. The sympathetic mechanism con- 
trolling sweating can be considered to 
be disinhibited but locally intact in the 
same way that the muscle stretch 
reflex mechanism is intact but hyper- 
active after section of the cortico- 
spinal tracts. Removal of inhibition by 
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local interneurons could allow the 
efferent cells to fire at will and 
produce their effect without modula- 
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might be explained by a restricted 
border-type infarction perhaps spar- 
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spinal tract connections to interneu- 
rons. 

A second, speculative mechanism 
might be the misdirection of sensory 
inputs. Clinical conditions in which a 
similar sort of abnormality has been 
postulated are the hyperesthetic pain 
of spinal lesions or causalgia or the 
unexplained visceral pain experienced 
by some patients with complete spinal 
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abnormally directed impulses could 
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new (abnormal) synapses. 
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A Method for Characterizing Subgroups 


and Related Survivals in Cancer Patients 


Application to Brain Tumors 


Jacqueline R. Farwell, MD; George W. Farwell, PhD; George J. Dohrmann, MD, PhD 


è It has long been known that if the 
probability of dying of a given cancer 
remains constant over time, the logarith- 
mic plot of survival of a group of patients 
with that cancer will be a straight line. 
More frequently, however, the probability 
of dying varies with time and the logarith- 
mic survival plot is a curve. We believe 
that in some cases a population of 
patients with one type of neoplasm may 
be composed of several subgroups, each 
of which has a simple predictable course 
with a rectilinear survival plot. This article 
describes a method for partitioning such 
survival plots and identifying and charac- 
terizing the subgroups, and applies the 
method to a group of patients with brain 
tumors. The value of being able to identify 
these subgroups and their relative propor- 
tions, the observations that can be made 
with this analysis regarding the nature of 
the various subgroups of brain tumors, 
and the implications of changes in the 
half-lives as well as the proportions of the 
subgroups with time are discussed. 

(Arch Neurol 34:540-544, 1977) 


pre have long been inter- 
ested in mathematical models of 
survival for cancer patients.*” The 
simplest instance is when a constant 
fraction of patients alive at the begin- 
ning of an interval die during the 
interval. In this case the half-life, or 
time interval in which half the 
patients die, remains constant, and 
ascertainment of the half-life will 
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CUMULATIVE PROBABILITY OF SURVIVAL 
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Fig 1.—Survival: population with one half-life. 


Fig 2.—Survival: population with two half-lives. 
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completely characterize the curve that 
represents the survival of affected 
patients. However, in patients with 
the same neoplasm affecting the same 
organ, considerable clinical hetero- 
geneity is seen. Often the fraction of 
patients dying varies from one time 
period to the next. The course of the 
disease appears complex, does not 
admit of simple analysis, and cannot 
be characterized by one half-life. We 
believe that in some instances a popu- 
lation of patients with one type of 
neoplasm may be composed of several 
subgroups, each of which has a simple 
predictable course associated with a 
single half-life. The survival data of 
this population will be complex, repre- 
senting the simultaneous running of 
several simple courses. It would be 


Table 1.—All Intracranial Tumors 





Cumulative Probability 
of Survival 






valuable to identify each subgroup by 
size and half-life, to enable one to 
study, for instance, the change in the 
course of the neoplasm over time or in 
response to advances in treatment. 

The purpose of the present study is 
to describe more fully a method for 
mathematical analysis of survival 
data, and to demonstrate its applica- 
tion to a group of cancer patients, 
with the same neoplasm, to determine 
the number of subgroups, the propor- 
tion of patients in each, and their 
respective half-lives. 


METHODS 


The method here applied to cancer 
survival is a technique of variable analysis 
used in nuclear physics to analyze curves 
representing the decay of radioactivity in a 
sample containing several radioisotopes, 
each composed of a homogeneous popula- 
tion of radioactive particles. It also has 
been applied to various biological sys- 
tems.** We shall consider the application 
of this analysis to a curve representing the 
survival of a group of cancer patients. 

If the number of patients dying in a 
given time interval is a constant fraction 
of the number present at the beginning of 
the interval, the group has a constant half- 
life. When the number of deaths per unit 
time is a constant fraction of the patients 
remaining alive, then 





Table 3.—Intracranial Astrocytoma 


Cumulative Probability of Survival 
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(1) dN/dt = -AN 


where N is the number of patients alive at 
a given time, A is a constant that is charac- 
teristic of the disease affecting the 
patients, and dN/dt is the rate of change of 
N with time. Figure 1 presents the survival 
curve for such a homogeneous group of 
patients. Graphed on semilogarithmic pa- 
per, with the logarithmic scale repre- 
senting percent of the original population 
surviving and the arithmetic scale repre- 
senting time, the survival plot will be 
linear, with a constant slope from which 
the half-life can be calculated by integra- 
tion of equation (1) above, which gives 


ln (N/N,) = —À (t—t,) 
or (2) N/N, = e-Alt ty) 


where e is the base of natural logarithms 
and N, is the number of patients present at 
an initial time t. N/N, therefore rep- 
resents the fraction remaining after a 
period (t —t,). After one half-life, 


N/N, = % 
and (t—t,) = ty, 
SO e-At,, = l% 


or tọ = 0.693/À 


This is analogous to the plot of the decay of 
a single radioisotope. 

However, if the original population is 
heterogeneous, composed of two groups 
each with a characteristic half-life, a semi- 
logarithmic graph of survival will be 
initially a curve. It will become linear at 
the point in time when only a negligible 
number of the population with a shorter 
half-life remain alive, that is, when the 
group has become essentially homogene- 
ous. Figure 2 represents the survival of 
such a heterogeneous group. The half-life 
characterizing the longer-lived group can 
be read from the slope of the linear portion 
of curve A. Further, the longer-lived group 
must have followed a linear course defined 
by its half-life since time zero. This course 
is represented by line B, an extension of 
the linear portion of curve A. The point at 





Table 4.—Intracranial Glioblastoma 
Multiforme 





Cumulative Probability 
of Survival 
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which line B intersects the ordinate (time 
zero), n%, represents the percent of the 
original population belonging to the long- 
er-lived group. The remainder of the orig- 
inal population, or (100 — n)% is composed 
of patients belonging in the group with a 
short half-life. 

The survival of the shorter-lived group 
can now be plotted. The percent of the 
original population, surviving at any given 
time, belonging to this group can be calcu- 
lated by subtracting each point on line B 
from the simultaneous point on curve A, 
since A represents the sum of the two 
groups. Points representing the survival of 
the shorter-lived group are graphed as line 
C in Fig 2. The equation fitting curve A 
is 


Y = Ae-at + Be-Bt 
Fig 3.—All intracranial tumors. 
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where A and a are constants characteristic 
of one population, and B and £ are 
constants characteristic of the second 
population. 

This method can also be applied if the 
original population is composed of more 
than two groups, each with a characteristic 
half-life. In this case, the linear portion of 
the curve can be extended to the y axis 
to define the fraction of the original popu- 
lation comprising the group with the 
longest half-life. When the points on this 
line are subtracted from the original decay 
curve, a second curve is obtained. This 
curve in turn becomes a straight line at 
some point in time and is subject to parti- 
tioning as described above, to give the 
proportion and half-life of the second 
longest-lived group. This process is contin- 
ued until subtraction of the extended 


straight line from the curve above it yields 
a straight line. This last line defines the 
shortest-lived group. 


PATIENTS 


To test the application of this method to 
survival curves of cancer patients, four 
groups of patients were analyzed. The first 
group was composed of all children (<20 
years of age) diagnosed with histologically 
verified brain neoplasms in Connecticut 
between 1935 and 1973 and surviving one 
month or more after diagnosis, as recorded 
in the Connecticut Tumor Registry and as 
previously reported by the authors.®™'° This 
group comprised 392 children. Of this 
group, 154 children had astrocytic tumors 
(astrocytoma and glioblastoma multi- 
forme); these cases were analyzed as the 


Fig 4.—All intracranial astrocytic tumors. 
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second group. Finally, the 120 cases of 
intracranial astrocytoma were analyzed 
separately, as were the 34 cases of intra- 
cranial glioblastoma multiforme. For each 
of the four groups, the percent surviving at 
each three-month interval, starting one 
month after diagnosis, was caleulated by 
standard life table techniques, correcting 
for children alive at last follow-up. The 
survival figures obtained therefore repre- 
sent cumulative probability of survival 
rather than uncorrected percent alive. The 
resulting survival data were plotted on 
semilogarithmic paper, and the resulting 
curves were analyzed by the technique 
described above. 


RESULTS 
The survival of the first group, all 


Fig 5.—Intracranial astrocytoma. 
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having intracranial neoplasms, at 
each three-month interval is shown in 
Table 1, column D, and is seen as curve 
D in Fig 3. When the curve is parti- 
tioned, two straight lines result. The 
first, line E, composed of points in 
Table 1, column E, intersects the y 
axis at 65% and has a slope corre- 
sponding to a half-life of 120 months. 
The second, line F, whose points 
appear in Table 1, column F, inter- 
sects the y axis at 35% and has a slope 
representing a half-life of five 
months. 

Figure 4 shows the curve, curve G, 
of survival data from the group of 154 
patients with astrocytic tumors. These 
data also appear in Table 2, column G. 


The rectilinear portion begins at 
about 30 months and, when drawn as 
line H, intersects the y axis at 65%. 
Subtraction of the points on line H 
from those on curve G gives line I 
(Table 2, columns G, H, and I), which 
crosses the y axis at 35% and whose 
slope represents a half-life of seven 
months. 

The 120 patients with astrocytomas 
had survival figures seen in Table 3, 
column J, and as curve J in Fig 5. Line 
K intersects the y axis at 85%, with a 
half-life of 230 months. Subtraction 
gives line L, crossing the y axis at 15% 
with a half-life of five months. 

The 34 cases of glioblastoma multi- 
forme are represented by the survival 


Fig 6.—Intracranial glioblastoma multiforme. 
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data in Table 4, and as line M in Fig 6. 
One hundred percent of the popula- 
tion followed a single exponential 
course with a half-life of seven 
months. 


COMMENT 


Applying a technique for analysis of 
variables, as used in separating radio- 
isotopes, a method has been devised 
for partitioning groups of cancer 
patients into two or more subgroups, 
each with a predictable course charac- 
terized by one half-life. As a result of 
this analysis, several observations can 
be made concerning the series of 
childhood central nervous system tu- 
mors used as our example. First, the 
patients with glioblastoma multi- 
forme appear to be a homogeneous 
population with a constant half-life of 
seven months. Second, the population 
of astrocytomas is composed of 15% 
short-lived cases (19 patients), whose 
course closely resembles that of glio- 
blastoma multiforme. The other 85%, 
or 101 patients with astrocytomas, 
follow a course with a very slow, 
though constant, rate of dying. It 
perhaps is preferable to describe the 
slope of this line by noting that five 
years from diagnosis, 85 of the orig- 
inal 101 patients in this group are 
alive. To speak of a half-life as long as 
210 months, or nearly 20 years, is 
unsatisfactory since after two half- 
lives the population of children will be 
between ages 40 and 60, and many will 
die of causes other than their tumor. 

The population of all astrocytic 
tumors (astrocytoma and glioblas- 
toma multiforme) has a survival curve 
(Fig 4) that provides confirmation of 
this method of analysis of survival. 
The curve partitions readily into two 
straight lines with slopes very similar 
to the slopes of the two groups of 
astrocytic tumors. Further, the num- 
ber of patients following the rapidly 
fatal course, 35% or 54 patients, is very 
nearly the sum of the 34 patients with 
glioblastomas and the 19 with astrocy- 
tomas that we have seen, by indepen- 
dent analysis, follow a course with a 
half-life of between five and seven 
months. Likewise, the number of 
those patients, 65% or 100 patients, 
following a less rapid course corre- 
sponds exactly to the number of 
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patients with astrocytomas with long- 
life expectancy, and the slope of line H 
(Fig 4) is identical to the slope of line 
K (Fig 5). We have therefore sepa- 
rated the astrocytic tumors accurate- 
ly, affirming the utility of this mathe- 
matical method of analysis. 

Finally, the survival curve for the 
entire series of intracranial neoplasms 
partitions into two homogeneous 
groups, with a short half-life re- 
markably similar (five months) to that 
of the subgroup of the astrocytic 
tumors. The series is composed of 
many histopathological types of tu- 
mors, yet this method of analysis 
suggests that central nervous system 
tumors of varied histopathology fol- 
low one of two simple courses, one 
with a short and one with a long half- 
life, and that similar half-lives are 
found in tumors of various histopatho- 
logical types. 

Subgroups do not differ from one 
another necessarily with respect to 
year of diagnosis or age at diagnosis. 
Each of the subgroups is evenly distri- 
buted in time over the 40 years of the 
study. Since improved diagnostic and 
operative techniques have affected 
survival mainly by reducing the num- 
ber of autopsy diagnoses and opera- 
tive deaths, restricting the series to 
patients surviving one month after 
diagnosis has largely eliminated 
change in survival pattern over the 
time of the study. The subgroups have 
similar male-female ratios and similar 
average age at diagnosis. 

Not all heterogeneous populations 
can be separated into subgroups with 
simple half-lives. Similarly, a popula- 
tion with a simple half-life may be 
heterogeneous with respect to 
variables affecting survival, and an- 
other method of isolating these 
variables and comparing survival 
rates would be appropriate.™!? Fre- 
quently, however, this method should 
be useful in the evaluation of survivals 
of cancer patients and the determina- 
tion and description of such clinical 
subgroups within the population of 
patients under study. The realization 
that a disease has several courses, one 
most rapidly fatal, another less fatal, 
and so forth, is a significant addition 
to the understanding of the disease. It 
may then prove possible to determine 


what factors cause a patient to follow 
the most benign or the most malig- 
nant course. 

This method may also be used to 
study changes in the course of a par- 
ticular tumor over time. One may 
thereby be able to say more than that, 
for example, the average survival is 
slowly improving. It may appear with 
this analysis that the longer average 
survival is due to a lengthening of the 
half-life of one subgroup, the other 
subgroup, or both; alternately, it may 
be established that the average sur- 
vival is longer because a greater frac- 
tion of patients are following the 
course with the best prognosis, ie, the 
distribution of patients between the 
subgroups is changing while the two 
half-lives remain the same. 

If two groups of patients who 
received different treatments are 
compared, the improved survival with 
one treatment group could be ana- 
lyzed and similarly found to consist of 
a change in one half-life, the other 
half-life, or in the distribution be- 
tween subgroups. 


This investigation was supported in part by 
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Neurological and Communicative Disorders and 
Stroke. 


References 


1. Armitage P: The comparison of survival 
curves. J R Stat Soe (A) 122:279-300, 1959. 

2, Cox DR: Regression models and life tables 
(with discussion). J R Stat Soc (B) 34:187-220, 
1972. 

8 Metcalf W: Analysis of cancer survival as an 
exponential phenomenon. Surg Gynecol Obstet 
138:731-740, 1974. 

4. Berkson J, Gage RP: Calculation of survival 
rates for cancer. Proc Staff Meet Mayo Clin 
25:270-286, 1950. 

5. Smith RE, Morales MF: The theory of blood- 
tissue exchanges: II. Application. Bull Math 
Biophys 6:133-189, 1944. 

6. Feigl P, Zelen M: Estimation of exponential 
survival probabilities with concomitant informa- 
tion. Biometrics 21:826-838, 1965. 

7. Prentice RL: Exponential survival with 
censoring and explanatory variables. Biometrika 
60:279-288, 1973. 

8. Burch PRJ: The biology of cancer: A new 
approach. Baltimore, University Park Press, 
1976. 

9. Farwell JR, Dohrmann GJ, Flannery JT: 
Central nervous system neoplasms in children. 
Cancer, to be published. 

10. Dohrmann GJ, Farwell JR, Flannery JT: 
Glioblastoma multiforme in children. J Neuro- 
surg 44:442-448, 1976. 

11. Cutler SJ, Axtell LM: Partitioning a 
patient population with respect to different 
mortality risks. J Am Stat Assoc 303:701-712, 
1963. 

12. Breslow N: Covariance analysis of censored 
survival data. Biometrics 30:89-100, 1974. 


Brain Tumor—Farwell et al 


Abrupt Memory Loss 
Associated With Thalamie Tumor 


Dewey K. Ziegler, MD; Andrew Kaufman, MD; Hal E. Marshall, MD 


e We report a case in which glioma with 
apparent major involvement of the right 
thalamus was manifested initially solely 
by abrupt onset of severe impairment of 
both recent and moderately remote mem- 
ory. Distracting stimuli plays a role in 
prevention of consolidation of memory. 

(Arch Neurol 34:545-548, 1977) 


ape is a familiar if uncom- 
mon manifestation of cerebral 
tumor. Korsakoff’s syndrome is 
known in this context, but abrupt loss 
of memory due to neoplasm is an 
extreme rarity and thought to war- 
rant report of the present case. 


REPORT OF A CASE 


A 59-year-old man was asymptomatic 
until, on the morning of a working day, he 
asked his wife to give him, prior to going to 
work, the schedule of his appointments for 
the day. On being shown the list of 
appointments, all of whom were business 
associates, he failed to recognize most of 
the names. This behavior was unusual in 
that the patient had been noted previously 
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to have an excellent memory. His wife’s 
subsequent conversation with him revealed 
that he had developed a severe disturbance 
of recent memory, but that he did retain 
facts concerning events and people with 
whom he had been associated for many 
years, such as his address, the names of 
family members, and the names of individ- 
uals who had long been associated with him 
in business. The patient had been consis- 
tently right-handed in that he had always 
used the right hand for writing, drawing, 
and fine movements, and had never 
throughout life preferred use of the left 
hand. 

The patient was hospitalized, and a 
general physical examination revealed no 
major abnormalities, and neurological ex- 
amination revealed no abnormalities in 
muscle strength, stretch reflexes, sensa- 
tion, or cranial nerve function. The memo- 
ry disturbance will be described below. 

A radioisotope brain scan was performed 
and findings were within normal limits, as 
were x-ray films of the skull, EEG, and 
computerized tomographic (CT) sean. Lum- 
bar puncture revealed pressure of 170 mm 
H,O with no cells and a protein level of 78 
mg/100 ml. 

The patient’s memory for recent or 
remote events was extensively tested three 
weeks after the onset of the symptom. The 
patient was alert, able to identify and 
remember the names of some friends and 
acquaintances, but unable to recognize 
others. He correctly identified the year, 
but only after considerable pause. The 
month was misidentified by one month. 
There were many striking lacunae in 
memory for events in the patient’s life in 


the past ten years. He had no recollection, 
for example, of several specific trips that 
he had taken, some with family and some 
with business associates, 

His memory for test phrases and for a 
test story, immediately after the stimulus 
was given, was excellent. After two 
minutes’ period of silence, there had been a 
loss of approximately 50% of memory for 
the items of the test story. This perform- 
ance was confirmed by the use of several 
similar stories. When, however, brief 
stories were told him with instructions to 
remember, and these instructions were 
immediately followed by the distracting 
stimuli of three or four sentences of 
random conversation, the patient, even 
after an interval as short as 30 seconds, 
was unable to retain any details of these 
test stories. This finding was also con- 
firmed with several different test stories. 

The patient was unable to remember 
names of the nurses who had been attend- 
ing him, even though their names were 
repeatedly given. He readily identified his 
wife and old friends, although frequently 
could not recall the friends’ names or occu- 
pations. He could not retain the data 
although it was given him several times. 
His use of language, on the other hand, was 
normal in that expository speech was 
fluent. He gave a detailed history replete 
with naming of relevant objects. He was 
not specifically tested as to naming of 
objects presented, since he referred to 
objects in his environment normally; nor 
did his wife note any deficit in his ability to 
name objects. There was never any hesita- 
tion over word-finding or word use. 

At no time during the interview was 
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there any indication of confabulation, the 
patient stating merely when he could not 
remember a fact. He clearly recognized his 
deficit and was both agitated and 
depressed at its presence. He continually 
sought for environmental clues to conceal 
his memory problems, glancing at calen- 
dars and clocks when he was asked the date 
or time and at name tags when asked 
names. 

He wrote with complete accuracy, imme- 
diately after one verbal command, the 
sentence “In the coming months we would 
expect the weather to get colder and the 
winds to increase.” He performed the 
calculation 438 x 92 quickly, at first with 
one error, which he recognized and 
corrected. 

His memory was sampled for events of 
the past 30 years, during which he had been 
a community leader. He correctly gave the 
dates for World War I, and identified the 
beginning of Roosevelt’s presidency as 
“sometime after the depression,” (missing 
the actual year by approximately ten 
years). The patient was asked whether he 
remembered any major political event of 
the recent past; there was a long pause 
after which he stated the single word, 
“impeachment.” (This examination took 
place in 1975 not long after Ford had 
assumed the presidency, following the 
resignation of President Nixon.) Ques- 
tioned as to the impeachment “of whom,” 
after another pause, the patient replied, 
“the president.” Asked whether this event 
had occurred before or after the term of 
I { x C 0 N T he A S T the current president (Ford), it was clear 
that the patient did not know. Asked “why 
the impeachment was brought about,” the 
patient, after a long pause, replied, “some- 
thing in relation to dishonesty.” Further 
questions confirmed the fact that he had 
lost memory for the widely publicized 
national news of political scandal, the 
resignation of President Nixon, and the 
accession of President Ford. 

The memory for events of the day before 
the testing was grossly impaired, the 
patient not remembering, for example, the 
lumbar puncture test, either by name or 
description of the procedure. 

The patient continued to complain of 
headache and vertigo. The memory deficit 
seemed unchanged. The patient was reex- 
amined, and no additional neurological 
signs had appeared. Over a subsequent 
period of three months, the complaint of 
headaches became prominent. Neurological 
examination at this time showed left-sided 
hyperreflexia and left homonymous hemia- 
nopsia. Recent CT scan was performed and 
showed a right temporal parietal occipital 
mass with shift of the ventricular system 
(Fig 1). A parietal occipital craniotomy was 
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Fig 1.—Computerized tomographic scan immediately prior to operation. Top, Without 
contrast. Bottom, With contrast. 
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subsequently performed. Cerebral gyri 
were flattened. On needling the brain, a 
partially cystic tumor was encountered at a 
depth of 2 cm, and some fluid was removed. 
The tumor was estimated to extend 8 em 
rostrally. A subtotal removal was per- 
formed. 

Postoperatively, the patient was lethar- 
gic. Although conscious and ambulatory, 
his speech was sparse but accurate until, 
within a few months, he gradually lapsed 
into coma. He died five months postopera- 
tively. 

At autopsy, there was a large tumor 
infiltrating the thalamus bilaterally, most 
massively on the right where it extended 
from the anterior nuclei posteriorly the 
entire length of the thalamus. The tumor 
extended across the midline in the region 
of the corpus callosum to involve the thal- 
amus on the left (Fig 2). Extension into the 
medial aspect of both temporal lobes 
occurred posteriorly and the tumor sur- 
rounded the temporal horn of the right 
lateral ventricle (Fig 3). Histopathological 
finding was that of glioblastoma multi- 
forme. 


COMMENT 


Memory disturbances of some type 
are not infrequent in patients with 
cerebral neoplasms. Busch! found that 
48% of 538 cases reviewed displayed 
some type of alteration in memory 
and noted that it did not seem to be 
related to increased intracranial pres- 
sure, but was related to site. Most 
patients had lesions in frontal lobes or 
surrounding the third ventricle. Mem- 
ory disturbance, however, can ac- 
company general dulling of the senso- 
rium, common in gliomas. More to the 
point, therefore, are the cases with 
true Korsakoff’s syndrome due to 
tumor. In 1964, Delay et al? reported 
three cases in which Korsakoff’s 
syndrome produced by neoplasia had 
caused “a bilateral break in the hippo- 
campal-mammillo-thalamo-cingular 
circuit, but at three different levels.” 
They then carefully reviewed the 
world literature on Korsakoff’s syn- 
drome produced by neoplasia, dividing 
the 108 reports into 56 in which the 
data, they believed, clearly confirmed 
the diagnosis (with all the criteria of 
Korsakoff’s psychosis) and 56 in which 
the clinical criteria appeared to them 
insufficient or erroneous. The authors 
retrospectively analyzed all cases as to 
initial symptoms and accompanying 
neurological signs and symptoms. In 
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Fig 3.—Coronal section of brain at level of posterior thalamus. 


their first group of well-verified cases, 
only 11 of the 52 had memory loss as 
an initial symptom; of those 11, five 
had other neurological signs or symp- 
toms, such as ataxia, somnolence, and 
corticospinal tract disease. Of the 58 
“atypical” cases of Delay et al, only 
six showed memory loss as an initial 
symptom and three of those had other 


neurological signs. The vast majority 
of these patients had memory loss in 
the context of other disturbances of 
mental states, seizures, or other neu- 
rological signs. 

It is well known that memory is 
affected when the hippocampal- 
fornix-mamillary circuits are dam- 
aged bilaterally. This is undoubtedly 
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the reason that the patients with cere- 
bral neoplasia who show the most 
striking memory disorders have usual- 
ly been those with lesions near the 
midline in the region of the third 
ventricle where the limbic circuits 
from the right and left sides of the 
brain are in close approximation. 
Lesions in this area were identified in 
45 of the 56 cases reviewed by Delay et 
al? The subject had been studied 
earlier by Williams and Pennybacker* 
who had found, in 26 patients with 
cerebral tumor with impairment of 
memory as the outstanding defect, 
deep midline supratentorial tumors in 
15. All four patients with a classical 
amnesic confabulatory syndrome had 
lesions involving the floor and walls of 
the third ventricle.* The two recent 
cases reported by Barbizet® and by 
Aimard et al both with midline 
lesions, are of particular interest, 
since in both, onset of massive amne- 
sia was abrupt as in the case reported 
here. In the case of Aimard et al,° 
transient amnesic attacks were the 
first manifestation of a tumor of the 
posterior hypothalamus. These clinical 
courses, so reminiscent of vascular 
disease, may well, of course, be due to 
ischemic or hemorrhagic lesions oc- 
curring in the neoplasm. In the 
present case, the tumor extended into 
both temporal lobes posteriorly. It is 
doubtful, however, if the initial mem- 
ory loss can be ascribed to these 
lesions, since the left temporal lobe 
probably was involved late in the 
course of the illness; and it is improb- 
able that the tumor was completely 
silent in terms of intracranial pres- 
sure and motor function and undetect- 
able on CT scan until it had reached 
both temporal lobes. 

Could the sudden memory loss in 
this patient be the result of initial 
tumor destruction of the fornices and/ 
or mamillary bodies? The fornices 
were clearly involved in this patient, 
at least on the right. The role of the 
fornix in memory mechanisms is 
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unclear. Although cases have been 
described in which memory loss has 
followed section of the fornix,’* there 
are other reports of damage to fornix 
bilaterally both by surgical means*’° 
and by tumor“ without discernible 
effect on memory. 

It is of interest to compare the 
clinical syndrome of this patient with 
the classical Korsakoff’s syndrome 
seen secondary to alcohol and thiamin 
deficiency. The latter is almost invar- 
iably associated with lack of appro- 
priate emotional response to the defi- 
cit. Confabulation and disorientation 
are the rule. The patient reported here 
was acutely aware of his disability, 
was depressed by its presence, and 
utilized all sorts of devices to conceal 
and compensate for the memory 
impairment. There was never confab- 
ulation, and there was disorientation 
only as to date. In these respects, 
behavior was similar to that of the 
cases of Milner,’ secondary to bilateral 
hippocampal lesions, of Rose and 
Symonds," and of Zangwill,"’ second- 
ary to encephalitis. 

There has been considerable con- 
troversy as to whether, in patients 
with lesions of the hippocampi, the 
severe defect in anterograde memory 
is due to spontaneous “decay” with 
time of the presented material or 
rather due primarily to interference. 
The tests done on this patient showed 
good preservation of memory of test 
material for at least two minutes if no 
distracting material was presented, 
and almost complete abolition of such 
memory when distracting stimuli 
were given after test stimuli. These 
results tend to confirm the clinical 
impressions of Luria that the memo- 
ry defects in these patients are 
primarily due to “interference” ef- 
fects with the “consolidation” of 
memory, which requires an unknown, 
although brief, period of time. Mil- 
ner,’ however, has shown that, in her 
patient with bilateral hippocampal 
lesions, there was severe impairment, 


after 60 seconds, of a specific short- 
term memory task that did not involve 
verbal mechanism even in the absence 
of interference stimuli. She postulates 
that the apparent ability of patients 
with bilateral hippocampal lesions to 
retain some verbal material in the 
absence of interference is their use of 
“verbal rehearsal” during the holding 
process. The interfering stimuli may 
merely eliminate the verbal rehears- 
al. 


Walter Harvey Jacobs, MD, gave permission to 
examine this patient and report the case. 
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Hemorrhagic Complications 
of Cerebral Arteritis 


Keith R. Edwards, MD 


è Intracranial hemorrhage occurred in 
two patients with cerebral arteritis. One 
patient with methamphetamine-induced 
necrotizing angiitis had a spontaneous 
subarachnoid hemorrhage without an 
aneurysm. A second patient with ulcera- 
tive colitis developed an intracerebral 
hematoma. Carotid angiography demon- 
strated a diffuse arteritis in each patient. 
The risks of bleeding associated with 
cerebral arteritis are discussed. The use 
of anticoagulants should be avoided. 
Cerebral arteritis should be suspected as 
a cause for intracranial hemorrhage. 

(Arch Neurol 34:549-552, 1977) 


eee arteritis is a well-known 
entity most commonly occurring 
in patients with collagen vascular 
disease, history of drug abuse, or 
intracranial infections. Intracranial 
hemorrhage due to cerebral arteritis 
is uncommon and less well known. 
Two cases are reported below that 
demonstrate the most serious intra- 
cranial hemorrhagic complications of 
cerebral arteritis: subarachnoid hem- 
orrhage and intracerebral hematoma. 


REPORT OF CASES 


Case 1.—A 21-year-old woman had the 
sudden onset of an occipital headache 
immediately after an intravenous injection 
of methamphetamine hydrochloride. The 
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patient had a past history of both oral and 
intravenous amphetamine abuse. In the 
past, she had had headaches associated 
with nausea and vomiting and even pros- 
tration after intravenous methampheta- 
mine injections. On this occasion, she used 
far greater than her usual amount of 
amphetamine in order to get “a better 
rush.” After one day at home with persis- 
tent headache and mental confusion, she 
was taken to the local emergency room by 
friends. There she was examined and 
transferred to the Psychiatric Service at 
the Medical Center Hospital of Vermont. 
On admission, she was described as delir- 
ious and disoriented and complaining of 
headache. Vital signs and findings from 
general physical and neurological examina- 
tions were normal except for the mental 
status. On the second hospital day, gross 
hematuria and hematemesis developed, 
and medical and neurological consultations 
were requested. She was found to be 
lethargic, disoriented, and inappropriate, 
with hyperreflexia and moderate nuchal 
rigidity but no focal findings. There were 
no pathological reflexes other than the 
generalized hyperreflexia. Facial, palatal, 
and language functions were normal. 

Lumbar puncture showed an opening 
pressure of 240 mm H,O with grossly 
bloody CSF and xanthochromic superna- 
tant. The RBC count was 37,000/cu mm, 
and the protein value was 146 mg/100 ml. 
All other results of studies of CSF were 
normal including bacterial, fungal, and TB 
smears and cultures. Nuclide brain scan, 
Westergren sedimentation rate, WBC 
count, hepatitis-associated antigen level, 
antinuclear antibody level, ECG, and chest 
x-ray film were normal. 

Retrofemoral bilateral carotid and verte- 
bral angiograms were done and showed 
multiple discrete areas of segmental nar- 
rowing of many medium-sized arteries. 
Maximum involvement was seen in the 
middle and anterior cerebral artery distri- 


bution (Fig 1). No aneurysm or arteriove- 
nous malformation was visualized. Several 
anterior branches of the left operculo- 
frontal arteries were occluded. 

The patient’s condition remained stable, 
and she improved with supportive care 
only. She was discharged after a three- 
week hospitalization, with normal general 
medical and neurological status. 

Case 2.—A 28-year-old man was hospital- 
ized after having a generalized convulsion 
followed by persistent weakness of the 
right arm. Two months prior to admission, 
the diagnosis of ulcerative colitis was 
established by sigmoidoscopy and biopsy. 
He was taking 60 mg of prednisone daily. 

On admission, he was afebrile and 
lethargic, with a right-lower facial weak- 
ness, paresis of the right arm, and expres- 
sive aphasia. He complained of a left 
frontal headache. Lumbar puncture 
showed an opening pressure of 270 mm 
H,O, with a clear, colorless fluid. The CSF 
protein value was 46 mg/100 ml, with no 
cells. The CSF glucose level was 90% of the 
blood glucose. Westergren sedimentation 
rate was 23 mm/hr. on several determina- 
tions, with all other laboratory data unre- 
markable including several lupus erythe- 
matosus (LE) preparations and antinuclear 
antibody studies. The CSF bacterial, viral, 
tubercle bacillus, and fungal cultures 
showed no growth. 

On the third hospital day, a radionuclide 
brain scan showed minimal abnormal 
uptake in the left lateral hemisphere. An 
EEG showed diffuse slowing with the left 
temporal predominance. Bilateral carotid 
angiograms showed diffusely narrowed 
arteries with many areas of segmental 
narrowing, especially in the medium to 
small arteries (Fig 2). The circulation time 
was prolonged. The anterior-posterior view 
showed a moderate, left-temporal mass 
effect with some elevation of the middle 
cerebral group and a 3-mm shift to the 
pericallosal artery to the right. The patient 
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was given dexamethasone, 4 mg four times 
daily. He was discharged after several 
days, with notable improvement. 

After two days, the patient was read- 
mitted with deep venous thrombophlebitis 
of the right leg. Westergren sedimentation 
rate was 60 mm/hr. The steroid dose was 
lowered, and therapy with intravenous 
heparin sodium was begun. One week later, 
the patient became acutely disoriented and 
stuporous, with left-sided hemiparesis and 
dilation of the right pupil. A percutaneous 
carotid angiogram showed a large avas- 
cular mass in the right parietal area, with 
considerable midline shift (Fig 3). Arteritic 
changes had diminished. A large right 
parietal hematoma was evacuated, and 
anticoagulants were discontinued. After a 
long convalescence, the patient was dis- 
charged with residual left hemiparesis. 


COMMENT 


Intracerebral and subarachnoid 
hemorrhages are uncommon complica- 
tions of intracranial arteritis. As the 
above cases illustrate, the severity of 
hemorrhagic complications demands 
understanding of the underlying dis- 
ease process in order to properly 
manage a potentially debilitating or 
life-threatening condition. 

In the first case, the patient had 
spontaneous subarachnoid hemor- 
rhage secondary to amphetamine- 
induced necrotizing angiitis. She was 
initially admitted to the Psychiatry 
Service where her headache and 
“acute organic brain syndrome” were 
considered to be more than a behav- 
ioral disorder and drug-related psy- 
chosis. 

The association between drug 
abuse, especially amphetamine abuse, 
and cerebral hemorrhage has been 
infrequently reported over nearly 25 
years.” Several large reviews fail to 
mention subarachnoid hemorrhage as 
a complication of metamphetamine- 
induced arteritis.”° The association 
between metamphetamine abuse and 
the syndrome of necrotizing angiitis 
is well known but still uncommon, 
even in large metropolitan hospitals 
where other complications from drug 
abuse are frequently seen.”*:"° 

There are several reports of intra- 
cranial hemorrhage in amphetamine 
abuse (Table 1). Rarely, sudden death 
has been correlated to subarachnoid 
hemorrhage from amphetamine 
abuse. The most commonly men- 
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Fig 1.—Case 1. Right carotid angiogram, lateral view. Arrows point to multiple areas of 
segmental narrowing and ectasia (subtraction technique). 
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Fig 2.—Case 2. Left carotid angiogram, lateral view. Diffuse narrowing throughout nearly 
all vessels visualized. Note markedly decreased flow of contrast material beyond carotid 
siphon and poorly visualized terminal arborization despite contrast enhancement. Large 
arrows show areas of segmental narrowing and occlusion. Small arrows show areas of 


ectasia (subtraction technique). 


tioned explanation for the occurrence 
of subarachnoid hemorrhage from 
amphetamine abuse has been the 
postulation of a preexisting vascular 
lesion or blood vessel rupture from a 


sudden increase in the blood pressure. 
These are unlikely reasons for sub- 
arachnoid hemorrhage in young drug 
abusers. A preexisting vascular lesion, 
a typical berry aneurysm‘ has been 
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demonstrated in only one case. Since 
intracranial aneurysms are present in 
2% to 4% of the general population,” 
the coincidence of subarachnoid hem- 
orrhage, amphetamine abuse, and a 
berry aneurysm is to be expected. The 
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presence of an arteriovenous malfor- 
mation in amphetamine-induced sub- 
arachnoid hemorrhage has not been 
reported. The possibility of a sudden 
hypertensive crisis causing the cere- 
bral vessel rupture cannot be com- 


Fig 3.—Case 2. Right carotid angiogram, anterior-posterior view. Large right parietal 
mass effect with a 14-mm midline shift of pericallosal artery. Sylvian group vessels are 
displaced anteriorly, medially, and downward (subtraction technique). 
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Source No. of Cases Type of Hemorrhage* Comment 
Margolis & Newton‘ 1 Subarachnoid hemorrhage Angiogram showed arteritis & aneurysm 
Weiss et al’? 2 Subarachnoid hemorrhage (1) iy 


& intracerebral hematoma (1) 
Intracerebral hematoma 
Subarachnoid hemorrhage 
Intracerebral hematoma 
Subarachnoid hemorrhage 
Subarachnoid hemorrhage 


hemorrhage 
Lignelli & Buchheit? 1 Intracerebral hematoma Heroin or LSD possible cause 







pletely excluded, but this is also an 
unlikely cause of subarachnoid hemor- 
rhage in drug abusers. 

An insight into the pathophysiology 
of amphetamine-induced intracranial 
arteritis and hemorrhage is provided 
by a study in monkeys.” Four of five 
animals receiving intravenous meth- 
amphetamine developed acute arterial 
occlusion, narrowing, and diminished 
rate of flow, as seen by angiography, 
ten minutes after injection of intrave- 
nous methamphetamine. Twenty-four 
hours later, the angiogram had 
returned to normal. After repeated 
injections, the pathological examina- 
tion showed three of the five animals 
to have subarachnoid blood with peri- 
vascular cuffing and round cell infil- 
tration of the medium- to small-sized 
vessels. Although increased blood 
pressure can occur with amphetamine 
abuse, the presence of arterial inflam- 
mation and vessel wall weakening is 
probably the most important factor in 
the occurrence of hemorrhage. 

Patient 2 had a life-threatening 
intracerebral hematoma presumably 
secondary to intracranial arteritis. 
This patient had a_several-month 
history of ulcerative colitis. He had 
focal seizures, an abnormal EEG, a 
right-sided hemiparesis, and aphasia. 
Arteritis was shown by carotid an- 
giography. 

Ulcerative colitis has been asso- 
ciated previously with cutaneous and 
pulmonary arteritis, but not cerebral 
arteritis." Cerebral vasculitis sec- 
ondary to ulcerative colitis is not 
mentioned in major reviews." How- 
ever, related collagen vascular dis- 
eases such as systemic LE,- polyar- 
teritis nodosa,” rheumatoid arthri- 
tis,**° granulomatous _angiitis,*!-22 



























Also had pontine hemorrhages 


No data given beyond diagnostic 
impression of subarachnoid 
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Table 2.—Hemorrhagic Complications of Collagen Vascular Disease 


No. of No. With CSF No. With % in Series 
Source Diagnosis Cases Examined* Xanthchromic CSF* With Hemorrhage 


*Includes intracerebral hematoma or intracerebral hemorrhage demons 


hemorrhagic necrosis found at autopsy. 


and temporal arteritis** have been 
shown to be associated with vasculi- 
tis. 

The occurrence of an intracerebral 
hematoma in the patient was possibly 
related to the use of heparin for treat- 
ment of the patient’s thrombophlebi- 
tis. Since migratory thrombophlebitis 
is a well-known complication of ulcer- 
ative colitis, ™* the use of increased 
doses of steroids rather than heparin 
may have been more effacacious. Al- 
though the occurrence of intracerebral 
hemorrhage is rare, this case demon- 
strates the possible hazards of anti- 
coagulation in the presence of cerebral 
arteritis. 
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The incidence of intracranial hem- 
orrhage associated with collagen vas- 
cular diseases is low. In a well-docu- 
mented, large series, 53 of 114 
patients with polyarteritis nodosa had 
cerebral symptoms, four of whom had 
xanthochromiec CSF” (Table 2). In 
lupus cerebritis, one of 11 patients 
having a lumbar puncture had xan- 
thochromie CSF, although four pa- 
tients with CNS symptoms died of an 
intracerebral hemorrhage.’* Many 
studies fail to mention the CSF RBC 
count or presence or absence of 
xanthochromia. Thus, available data 
may not reflect the true incidence of 
spontaneous intracranial hemorrhage 
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Acute Hypokalemic Myopathy 


A Clinical Entity 


Allan E. Rubenstein, MD, Stanley F. Wainapel, MD 


è Two cases of an acute myopathy 
without muscle pain, tenderness, or swell- 
ing are described in alcoholic patients. 
Both were associated with severe hypo- 
kalemia and were largely reversible with 
potassium repletion. Hypokalemia may be 
the cause of some cases of acute 
myopathy in alcoholism, particularly 
those in which muscle cramps are 
absent. 

(Arch Neurol 34:553-555, 1977) 


fh he acute myopathy associated 
with alcoholism has been charac- 
terized as one in which severe muscle 
pain, tenderness, and swelling occur, 
often with gross myoglobinuria and 
renal failure.’ The etiology of this 
syndrome is unclear. Perkoff and 
colleagues’ have demonstrated that 
the response of blood lactic acid to 
ischemic exercise is impaired in alco- 
holics with muscle tenderness and 
cramps. A variety of toxic effects of 
alcohol on muscle metabolism have 
been demonstrated in experimental 
animals.*’ Starvation and other nutri- 
tional factors have also been sug- 
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Table 1.—Serum Creatinine 
Phosphokinase (CPK) Levels* 


CPK, mU/ml 
Hospital 


Case 1 Case 2 





*Normal, 1 to 50 mU/ml. 
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gested as the causative factors in 
acute alcoholic myopathy.** We de- 
scribe here two cases that represent 
another form of muscle involvement 
in alcoholism, an acute muscular 
syndrome in which muscle pain, 
tenderness, and swelling are absent. 
In both cases, severe weakness was 
associated with marked hypokalemia 
and was almost completely reversed 
with potassium repletion. 


REPORT OF CASES 


Case 1.—A 57-year-old male hospital 
employee was admitted to Columbia-Pres- 
byterian Hospital with complaints of pro- 
gressive, painless muscle weakness of five 
days’ duration. The patient had been 
performing moderately strenuous labor in 
hot weather for the previous three weeks; 
the onset of the weakness, however, was on 
a weekend. The patient was a chronic 
alcoholic who had been drinking 0.9 liters 
of whiskey daily for the previous six weeks. 
He claimed to have maintained a regular 
diet during this period. There was no 
history of gastrointestinal or renal disease, 
and no history of diuretic, thyroid, or laxa- 
tive use. 

On examination the patient was alert 
and cooperative and showed no evidence of 
muscle wasting or malnutrition. Vital 
signs were normal. The liver was nonten- 
der and palpable 2 cm below the costal 
margin. 

Neurological examination disclosed 
marked symmetrical proximal muscle 
weakness. No muscle tenderness or swell- 
ing was present. The patient was unable to 
sit up in bed or raise his arms to shoulder 
height. Bulbar and respiratory muscle 
function were normal. Sensory examina- 
tion gave normal findings, and muscle 
stretch reflexes were normal. Plantar 
responses were flexor. 

Laboratory values were as follows: 
serum potassium, 1.8 mEq/liter; sodium, 


in Alcoholism 


141 mKq/liter; carbon dioxide, 41 mEq/ 
liter; serum calcium, 7.1 mg/100 ml; serum 
magnesium, 2.1 mg/100 ml; serum albu- 
min, 3.7 gm/100 ml. Serum creatine phos- 
phokinase (CPK), lactic dehydrogenase 
LDH), and SGOT levels were all markedly 
elevated (Table 1): serum CPK,- 4,350 
mU/ml; serum LDH, 900 mU/ml; serum 
SGOT, 400 mU/ml. Urinalysis results were 
normal. A benzidine test of the urine gave 
normal results. Glucose, BUN, and serum 
creatinine levels were normal. Serum 
thyroxine (T,) by column, alkaline phospha- 
tase, SGPT, and serum inorganic phos- 
phorus concentrations were all normal. 
Plasma cortisol levels were normal, as were 
renin and aldosterone levels. Urinary 
metanephrine and normetanephrine con- 
centrations were normal. The hematocrit 
value was 36.1%, with normal serum iron 
level and total iron-binding capacity. Chest 
roentgenogram was normal, while the elec- 
trocardiogram showed a prolonged PR 
interval and low T waves consistent with 
hypokalemia. 

Oral potassium chloride treatment was 
instituted on admission; a total of 100 mEq 
of potassium was administered in the first 
48 hours, with a rise of serum potassium 
level to 2.0 mEq/liter. The patient’s muscle 
weakness improved conspicuously within 
the first 48 hours, after which only mild 
proximal weakness remained. With 40 
mEq/day oral potassium replacement, 
muscle strength and serum potassium level 
returned to normal by hospital day 7. 

Serum CPK, LDH, and SGOT levels 
peaked on hospital day 4 and gradually 
returned to normal after two weeks. On the 
fifth day a biopsy of the left deltoid muscle 
was performed (Figure). Paraffin sections 
were stained with hematoxylin-eosin, and 
showed small numbers of round atrophic 
fibers scattered among normal-sized fi- 
bers. The sarcoplasm of a few of these 
normal-sized fibers was filled with small 
vacuoles. Hyalinization and floccular de- 
generation were noted in a moderate 


Table 2.—Electromyographic Data for Case 2 


Hospital 
Day 


units 


Proximal 
Low-amplitude, short-duration polyphasic motor 


Sustained runs of pos- 
itive sharp waves; 


+ 4 fibrillations 
5 Low-amplitude, short-duration polyphasic motor Normal 
units 
35 Low-amplitude, short-duration polyphasic motor Normal 


units; iliopsoas only 
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number of fibers. Within the sarcoplasmic 
membrane of many of these fibers were 
macrophages, large mononuclear cells, and 
lymphocytes. Focal endomyseal infiltrates 
of histiocytes and lymphocytes surrounded 
several of the degenerating fibers. Rare 
perivenule infiltrates were seen. Small 
numbers of regenerating fibers character- 
ized by slightly basophilic sarcoplasm and 
large vesicular nuclei were also seen. 

Electrodiagnostic studies were per- 
formed on the eighth hospital day, at which 
point the patient had no demonstrable 
weakness. Motor nerve conduction veloci- 
ties were as follows: left median nerve, 52.9 
m/sec; left ulnar nerve, 54.3 m/sec; left 
peroneal nerve, 45.4 m/sec; left posterior 
tibial nerve, 42.5 m/sec. Needle electro- 
myography showed slightly reduced 
numbers of motor units under voluntary 
control and occasional polyphasic units in 
the distal arm muscles. Distal leg muscles 
showed occasional fibrillations and moder- 
ately reduced numbers of units under 
voluntary control, with occasional poly- 
phasic units. The results were compatible 
with mild diffuse neuropathy. 

Case 2.—A 60-year-old woman was 
admitted to Beth Israel Hospital for severe 
progressive weakness of 24 hours’ dura- 
tion. The patient had experienced several 
episodes of depression associated with 
heavy alcohol use since the death of her 
husband three years prior to admission, 
and had been drinking 0.4 to 0.8 liters of 
liquor a day for several months. Her diet 
had been poor during that time. The 
patient had been admitted for similar 
complaints of severe painless proximal and 
distal weakness of acute onset five months 
previously, at which time her serum potas- 
sium level was 1.9 mEq/liter. Full recovery 
of muscle strength occurred following 
administration of 60 mEq of potassium 
orally and 240 mEq of potassium intrave- 
nously in 24 hours, and the patient left the 
hospital after four days. A right radical 
mastectomy for carcinoma of the breast 
had been performed eight years prior to 
admission; there was no evidence of recur- 
rence. When drinking, the patient experi- 
enced chronic watery diarrhea, which had 
been present for six weeks prior to admis- 
sion. There was no history of vomiting or 
any medication use. 

On examination the patient was awake 
and alert, with normal vital signs except 
for a tachycardia of 100 beats per minute 
There was no hepatomegaly. Neurological 
examination disclosed severe, symmetrical 
quadriparesis. Sternocleidomastoids were 
also weak, but bulbar and respiratory 
muscles were intact. There was no muscle 
tenderness or swelling. Muscle stretch 
reflexes were normal; plantar responses 
were flexor. Sensory examination gave 
normal findings. There was no Chvostek or 
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Deltoid muscle (hematoxylin-eosin). Necrotic muscle fibers are surrounded by lympho- 
cytes and histiocytes. Multiple small vacuoles are present in some of degenerating 


fibers. 


Trousseau sign. 

Laboratory values were as follows: 
serum potassium, 2.0 mEq/liter; sodium, 
144 mEq/liter; chloride, 96 mEq /liter; and 
carbon dioxide, 33 mM/liter. Arterial pH 
was 7.56. Serum CPK level was 575 mU/ml; 
serum LDH, 309 mU/ml; and serum SGOT, 
88 mU/ml (Table 1). Serum glucose, BUN, 
creatinine, and inorganic phosphorus con- 
centrations were normal. Urinalysis results 
were normal except for 2+ proteinuria; a 
benzidine test of the urine was negative. 
Serum calcium level was 7.4 mg/100 ml; 
serum albumin, 3.0 gm/100 ml. Serum 
magnesium value was 0.8 mg/ml. Plasma 
cortisol, serum T, by column, and serum 
SGPT levels were normal. Cervical spine 
and chest roentgenograms were normal. 
An electrocardiogram on admission 
showed prominent U waves consistent with 


hypokalemia. Serum alkaline phosphatase 
levels were consistently elevated in the 100 
to 300 mU/ml range (normal, 30 to 85 mU/ 
ml). Total bilirubin concentration was 1.5 
mg/ml. 

The patient was given 140 mEq of potas- 
sium intravenously in the first 48 hours; 
her serum potassium level rose to 3.2 mEq/ 
liter and her quadriparesis improved to the 
point where she was ambulatory with mild 
symmetrical proximal muscle weakness. 
Magnesium sulfate was also given orally on 
admission, and after 48 hours the serum 
magnesium level was 1.4 mg/100 ml. 

Electrodiagnostic studies were per- 
formed on three occasions during the 
patient’s hospitalization: the first, within 
12 hours of admission, when the patient 
was quadriparetic; the second, on hospital 
day 4; and the third, five weeks after 
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admission. The results are summarized in 
Table 2. 

Motor nerve conduction velocities on 
admission were as follows: left median 
nerve, 44 m/sec; left ulnar nerve, 43 m/sec; 
left posterior tibial nerve, 38 m/sec. By the 
fourth hospital day, these velocities had 
returned to normal: left median nerve, 50 
m/sec; left ulnar nerve, 52 m/sec; left 
posterior tibial nerve, 44 m/sec. 

Muscle biopsy was refused. Studies to 
investigate the patient’s chronic diarrhea 
showed no evidence for primary gastroin- 
testinal disease. The diarrhea ended after 
one week and the patient left the hospital 
after five weeks, ambulatory with mild 
proximal muscle weakness. 

Initial  electromyographie studies 
showed low-amplitude, short-duration, 
polyphasiec motor units in proximal mus- 
cles, which persisted in subsequent exami- 
nations despite considerable clinical im- 
provement. A striking finding was the 
presence in the distal muscles of sustained 
and profuse spontaneous electrical activity 
in the form of runs of positive sharp waves 
and 4+ fibrillation potentials that com- 
pletely cleared by the second examination. 
There was no electrical evidence of 
myotonia or tetany. Electrical hyperexcit- 
ability of this type has been described in 
hypokalemic alkalosis by Roselle and 
DeDoncker.* 


COMMENT 


Muscle weakness is common in 
potassium depletion.'’® There have 
been several reports of severe weak- 
ness with muscle necrosis due to hypo- 
kalemia induced by diuretics," laxa- 
tive abuse," chronic gastrointestinal" 
and renal" disease, and licorice inges- 
tion.” 

Hypokalemia is common in alcohol- 
ics, particularly when alcohol-induced 
vomiting or diarrhea is present. Vet- 
ter et al'® reported severe potassium 
depletion in 18% of a series of alcoholic 
patients. In our second case chronic 
diarrhea was associated with alcohol 
use. This patient was also hypomagne- 
semic on admission. Magnesium de- 
pletion is common in alcoholics," and 
myopathic findings have been de- 
scribed in rats receiving magnesium- 
deficient diets.'* However, hypomag- 
nesemia in itself has not been identi- 
fied as a cause of skeletal myopathy in 
humans.” The usual clinical picture of 
hypomagnesemia is tetany, for which 
this patient had no clinical or elec- 
trical evidence. It is likely that the 
acute myopathy in both our patients 
was related to low potassium level, 
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though low magnesium concentra- 
tions cannot be ruled out as a contrib- 
uting factor in case 2. 

In case 1, potassium depletion from 
sweating was probably a factor. As 
the patient was a manual laborer, the 
possibility is raised that exercise 
contributed to the production of his 
acute myopathy, as in the syndrome of 
exertional rhabdomyolysis.” How- 
ever, his level of exertion was not that 
of the intense, sustained exercise 
incurred by athletes in competition 
and by military recruits, the usual 
subjects in whom the syndrome 
develops.” In addition, the patient 
was drinking and not working when 
his weakness developed. 

The role of hypokalemia in the 
pathogenesis of acute alcoholic myo- 


pathy has largely been overlooked. In 


several reported cases of acute alco- 
holic myopathy, serum potassium ley- 
els were not mentioned.’ In several 
reports, hyperkalemia from extensive 
muscle necrosis or acute renal failure 
had developed by the time potassium 
levels were measured.’ 

Two previous reports have de- 
scribed hypokalemic myopathy in 
alcoholics. Martin et al” reported four 
cases with subacute to acute onset. In 
three cases, no muscle pain, tender- 
ness, or swelling was present. Patient 
4 complained of aching pain in both 
calves and sensations of burning in 
both feet, but no tenderness or swell- 
ing was present and the patient had a 
prominent alcoholic sensory polyneu- 
ropathy. Mayer and Garcia-Mullin” 
reported three cases of completely 
painless hypokalemic myopathy in 
alcoholics. A fourth patient had the 
same syndrome with normal serum 
potassium and low serum sodium 
levels, but that patient also had 
markedly decreased intracellular mus- 
cle potassium concentrations. Muscle 
biopsy results reported by both sets of 
authors showed muscle fiber necrosis 
with vacuolation similar to the biopsy 
specimen of our case 1. 

In view of our cases and the two 
previous reports of similar ones, we 
believe ourselves justified in identi- 
fying as a clinical entity in alcoholism 
an acute painless myopathy caused by 
hypokalemia that is largely reversible 
with potassium replacement. 

Since this manuscript was accepted 
for publication, a report of an addi- 


tional case of acute painless hypokal- 
emic myopathy in an alcoholic has 
appeared in the literature.” 
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Motor Performance After 


Unilateral Hemisphere Damage 
in Patients With Tumor 


K. York Haaland, PhD; Charles S. Cleeland, PhD; Daniel Carr, PhD 


èe Hemispheric asymmetry of sensory- 
motor control has been hypothesized on 
the basis of clinical and experimental 
data, but discrepant data indicate asym- 
metry may vary with task requirements. To 
examine this possibility, the performance 
of normal controls and patients with right 
or left hemispheric tumors were com- 
pared on a variety of motor tasks of 
varying complexity. Group differences 
were significant only for the two most 
complex of six tasks; since these two 
tasks differ in quality (proximal steadi- 
ness and distal dexterity), it is unlikely 
that quality differences are crucial. On 
these tasks, the group with left hemi- 
sphere damage demonstrated bilateral 
impairment while the right hemisphere 
group’s deficits were contralateral to 
lesion site. These results support pre- 
vious data and Liepmann’s hypothesis of 
hemispheric asymmetry of sensory-motor 
control. Task complexity and the more 
specific hypothesis of sensory-motor se- 
quencing are important factors influenc- 
ing hemispheric asymmetry of control. 

(Arch Neurol 34:556-559, 1977) 
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he clinical observations of Liep- 

mann'? suggested that patients 
with left hemisphere damage were 
more likely to demonstrate bilateral 
motor deficits than patients with 
right hemisphere damage who were 
more likely to demonstrate only 
contralateral motor deficits. Other 
investigators have offered evidence 
that the left hemisphere is more crit- 
ical than the right in mediating bilat- 
eral motor behavior in right-handed 
individuals. The tasks used in these 
studies have varied in complexity 
from tests of limb apraxia** and 
movement sequencing* to finger tap- 
ping and peg insertion.” The degree of 
left hemisphere involvement in motor 
control, however, may depend on the 
type of motor function or task exam- 
ined. Studies have been reported 
using a reaction time task“ and a 
manual dexterity test’ that do not 
support the concept of greater left 
hemisphere mediation. No single 
study has considered motor behavior 
as a multidimensional variable by 
comparing patients’ performance on a 
battery of motor tasks that sample 
several motor functions. This ap- 
proach has been used extensively in 
studying motor function in adults 
without brain injury.* 

In order to compare deficits in 
motor behavior that are the result of 
right or left hemisphere damage, 
several variables have to be consid- 


ered: Kimura and Archibald’ have 
pointed to the problems involved in 
using tasks heavily dependent on 
verbal mediation, or familiar prac- 
ticed tasks (where a distinct right 
hand advantage is more likely to 
occur). Right-handed superiority, 
however, would also be expected (in 
right-handed individuals) even on 
unfamiliar motor tasks, suggesting 
the advisability of using normative 
data from a nonneurologically im- 
paired population as a basis for right- 
hand vs left-hand task comparisons. 
Finally, the tasks used should be ones 
that are clearly not bimanual, with 
one hand taking the supportive or 
subordinate role. With these variables 
in mind, we analyzed the motor 
performance of control patients and 
patients with left and right hemi- 
sphere tumors on a series of motor 
tasks that varied in complexity as well 
as in the demand on what were consid- 
ered different “factors” of motor 
performance such as strength, dexter- 
ity, and steadiness. The tasks were 
unfamiliar to the patient and could 
clearly be performed by one hand 
alone. 


SUBJECTS AND METHODS 


Subjects were selected from a file of 
right-handed patients who had been tested 
in the Neuropsychology Laboratory at the 
University of Wisconsin. The control group 
was composed of patients with muscle 
contraction headache who demonstrated no 
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Control 
Group 


ee 


Measure Mean 


evidence of cerebral deficit during exten- 
sive evaluation. The groups with right and 
left hemisphere lesions were selected from 
about 150 tumor patients. Only subjects 
with surgical or autopsy confirmation of 
unilateral tumor were included. The two 
tumor groups were matched for age, educa- 
tion, and full-scale IQ (Wechsler Adult 
Intelligence Scale). Because of the possi- 
bility that general cognitive deficits might 
confound motor performances, especially 
on the more complex tasks, an additional 
matching constraint was imposed; groups 
were matched on impairment index,’ which 
is an indicant of performance deficit based 
on cut-off scores on ten different test 
measures shown to be sensitive to cerebral 
dysfunction. 

The two tumor groups were matched in 
frequency of intrahemispheric loci of 
lesions. There was no difference in the 
incidence of seizures or hemiparesis 
between the two groups. Although it was 
not a matching variable, there was no 
significant difference between the two 
tumor groups on verbal IQ, evidence that 
test differences could not be explained by 
differential language comprehension defi- 
cits. The headache control group was 
slightly younger than the two tumor 
groups, but was group matched with those 
groups on age and education. Descriptive 
data appear in the Table. 

Subjects were tested as a routine part of 
their neurological examination. Although 
several neuropsychological tests were ad- 
ministered, only motor performance will be 
reported here. Six motor tasks were given, 
varying in complexity from grip strength 
to a measure of performance on the 
grooved pegboard. 

l. Grip strength. This was taken as the 
average of two trials for each hand using a 
hand dynamometer. 

2. Finger tapping speed. Patients were 
required to tap as rapidly as possible on the 
key of a counter. The mean of five 10 
second trials was recorded for each hand. 

3. Static steadiness. The patient placed 
an electric stylus for 15 seconds in each of 
nine holes ranging in diameter from 3 to 12 
mm. Total number of side contacts was 
recorded for each hand. 
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4. Vertical groove steadiness. Using the 
Same response measure (side contacts), this 
task required the patient to run the stylus 
up and down a vertical groove (5 mm wide 
and 25 cm long) for two trials with each 
hand. This task adds movement in one 
dimension to a steadiness task. 

5. Maze coordination. This test also used 
number of side contacts made with the 
stylus as the response measure, but 
required the subject to trace through a 
maze (8 mm wide) with both horizontal and 
vertical movements. 

6. Grooved pegboard. This task sampled 
manipulative dexterity using a pegboard 
containing 25 holes in a 5 x 5 array with 
randomly positioned slots. Pegs have an 
edge along one side that must be rotated to 
match the slot before they can be inserted. 
The patient performs the task in a speci- 
fied left-to-right order. Time to complete 
the task was recorded. 

To allow for direct comparison between 
all six tasks, as well as to control for the 
expected superiority of the preferred right 
hand, data from both tumor and control 
subjects were converted to t scores, with a 
mean of 50 and an SD of 10. These conver- 
sions were based on two normative popula- 
tions with 50 subjects in each group. One 
normative group was used to determine t 
score values for study subjects under 35 
and the other group was used for those 
over 35. When a subject could not complete 
a measure, the worst score for that group 
on that task was assigned to that subject. 
This was considered a more conservative 
procedure for handling missing data than 
estimating a score that would fall below 
the poorest completed performance, If the 
test was not administered, the mean 
performance of the group was assigned as 
the score for that subject. 


RESULTS 


Statistical analysis included an 
overall three-way analysis of variance 
that was significant at all levels, 
necessitating subsequent two-way 
analyses of variance for each task 
separately. For those tasks on which 
there was a significant interaction 


between group performance and per- 
forming hand, one-way analyses of 
variance were calculated for each 
hand separately. 

Results for the right hand are seen 
in Fig 1. The control group’s perfor- 
mance on all tasks is similar to that of 
the normative group’s on which the t 
scores are based. Performance of the 
group with left hemisphere lesions is 
generally lower than that of the group 
with right hemisphere lesions, demon- 
strating the expected deficits contra- 
lateral to lesion. Although it is impos- 
sible from these data alone to defini- 
tively separate task complexity from 
task quality (speed, dexterity, and 
steadiness), differences between the 
groups are more prominent for the 
two most complex motor tasks. Ac- 
cording to individual one-way anal- 
yses of variance, group differences 
are significant (P < .05) only for the 
maze coordination and grooved peg- 
board tests, two complex tasks that 
differ in quality. 

To examine whether performance 
deficits ipsilateral to left hemisphere 
lesion behave like those ipsilateral to 
right hemisphere lesion, left hand 
performance was examined. These 
data are plotted in Fig 2, and as with 
the right hand, differences appear to 
increase with task complexity. The 
control group’s performance differs 
from that of the group with brain 
damage only on the more complex 
maze coordination and grooved peg- 
board tasks. Most importantly, there 
is a significant difference according 
to t tests (P<.05) between the 
control and each of the two groups 
with brain damage. Even the per- 
formance of the hand ipsilateral to 
left hemisphere lesion is impaired 
relative to control patients. 

Therefore, patients with left hemi- 
sphere tumors in this study demon- 
strate bilateral impairment on the 
maze coordination and pegboard tests 
while the patients with right hemi- 
sphere tumors demonstrate impair- 
ment only in the hand contralateral to 
damage. These data are in agreement 
with previous reports®"** that em- 
phasize the greater role of the left 
hemisphere in the control of motor 
functioning of both the right and left 
hand in right-handed individuals. 
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COMMENT 


Liepmann*® emphasized the role of 
the hemisphere opposite the preferred 
hand as most important for program- 
ming of learned motor sequences and 
fine sensory-motor coordination. Our 
data support this hypothesis and 
extend it by demonstrating that 
differences in hemispheric control of 
motor performances are shown only 
on certain manual tasks. When com- 
paring groups with right and left 
hemisphere tumor on six motor tasks, 
we found no differences in impair- 
ment pattern on tests of strength, 
motor speed, steadiness in a static 
position, or unidirectional moving 
steadiness. Differences in pattern of 
deficit were found, however, on a 
multidirectional steadiness task and 
on a grooved pegboard measure; these 
two tasks differ from the others in 
complexity, but differ from each other 
in quality (proximal steadiness task vs 
distal dexterity task). Therefore, in 
these data, the factor of task complex- 
ity appears most crucial in affecting 
hemispheric asymmetry. Of course, 
the influence of task quality cannot be 
ruled out until these two variables are 
separately controlled. 

Our study used the normalization of 
all performances for both hands as a 
way of controlling for the perfor- 
mance superiority of the dominant 
hand. This allowed us to look directly 
at differences in right-handed and 
left-handed deficit patterns in the two 
groups with hemispheric lesions. The 
group with left hemisphere lesions 
demonstrated greater impairment for 
the ipsilateral hand on the maze task 
and on the pegboard task. These data, 
then, support the notion that the left 
hemisphere has a unique contribution 
to manual control, but that this 
uniqueness is only evident at a certain 
point in increasing task complexity as 
suggested by Kimura and Archibald.’ 
Furthermore, the present data give 
some insight into the degree of 
complexity a task must possess before 
the superiority of left hemisphere 
control is evident. It is difficult to 
conceive of any of the tasks used in 
this study as symbolic in nature. All 
tasks were novel for the patients, and 
the possibility for verbal mediation in 
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Fig 1.—Mean right hand performance across all tasks for control group and groups with 


right and left hemisphere brain damage. 
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Fig 2.—Mean left hand performance across all tasks for control group and groups with 


right and left hemisphere brain damage. 


their performance is small. Further- 
more, the two groups with brain 
damage were matched on full-scale IQ 
and impairment index (a composite 
measure of behavioral integrity), and 
no group difference was found on 
verbal IQ (Wechsler Adult Intelli- 


gence Scale), suggesting task compre- 
hension did not operate differentially 
to produce poorer performances for 
the group with left hemisphere 
lesions. 

Each manual task requires the 
interaction of the various sensory and 
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motor pathways. Although the rela- 
tive contribution of the distal muscu- 
lature may influence these results, it 
is not crucial for asymmetry since one 
of the two tasks (maze coordination) 
that is asymmetrically controlled re- 
quires minimal control of the distal 
musculature. Since the corticospinal 
system specifically controls fine distal 
movements,'*'’ these data suggest 
this system is not solely responsible 
for hemispheric asymmetry. Further 
specification of crucial motor or senso- 
ry pathways is purely speculative 
without careful component analysis of 
complex tasks with associated ana- 
tomical data like Lawrence and Kuyp- 
ers’ present in the rhesus monkey. 

As previously mentioned, the asym- 
metrically controlled grooved peg- 
board and maze coordination tasks 
differ from the other tasks examined 
in that a larger number of sensory and 
motor components are crucial for 
accurate performance. Complex tasks 
require more varied sensory inputs 
and more serial motor responses that 
have varied neural control mech- 
anisms. In groups of patients with 
diverse loci of hemispheric damage, 
one of these control areas is likely to 
be involved, therefore producing dis- 
integration or interference with re- 
sponse sequence. Since intrahemi- 
spheric control of many skills appears 
to differ between the two hemi- 
spheres,’*'°"® degree of task complex- 
ity could influence hemispheric asym- 
metry. 
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Kimura and Archibald’ have sug- 
gested task complexity, or more 
specifically motor sequencing, may be 
critical to manual tasks showing 
greater left hemisphere control. Their 
justification is not the greater proba- 
bility of impairing one in a series of 
responses but rather disruption of a 
Sequencing mechanism per se. If 
Sequencing is the crucial factor, then 
repetition of the same response should 
be controlled primarily by the left 
hemisphere. The finger tapping task 
used in this study requires sequencing 
of the same response, but our results 
like those of other investigators*"” do 
not confirm its asymmetric control. 
However, sequencing of unique senso- 
ry-motor responses—a more specific 
way of discussing task complexity— 
may be a critical factor and is consis- 
tent with our data. A comparison of 
the requirements of two of the tasks 
used in this study is illustrative: The 
vertical groove steadiness measure 
and the maze steadiness measure both 
require moving through a pathway 
with the same stylus. The scale of the 
movements required is similar. The 
maze task (the one of the two tasks 
showing ipsilateral deficits with left 
hemisphere lesions) requires the sub- 
ject to trace the pathway in a given 
sequence, with changes in direction, 
rather than just completing the move- 
ment through a straight path. The 
pegboard task, also showing greater 
ipsimanual deficits for left hemi- 
sphere lesions, definitely makes de- 
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placed must be oriented to the 
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ments implied in complex sequencing, 
the sequentially executed motor tasks 
discussed here also require greater 
reliance on varying sensory input. The 
maze coordination and pegboard tasks 
specifically demand accurate eye- 
hand coordination and heavy reliance 
on changing proprioceptive cues with 
frequent motor self-correction and 
adjustment. This is not necessarily 
inconsistent with Carmon’s data's 
suggesting basic proprioceptive skills 
of the digits appear to be controlled 
primarily by the right hemisphere; the 
crucial factor in the tasks discussed 
here may be increased complexity, 
and more specifically, the require- 
ment of sequential integration of 
unique sensory and motor responses. 
As Luria" suggests, careful specifica- 
tion of sensory-motor interactions is 
necessary to bridge the gap between 
“the elementary and complex disor- 
ders of motor functions.” This study 
suggests the sensory and motor com- 
ponents of task complexity and quali- 
ty including strength, speed, steadi- 
ness, dexterity, and the contribution 
of proximal and distal musculature 
must be methodically examined be- 
fore the limits of asymmetric control 
can be specified. 
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Child Neurology 


Neonatal Meningitis 


The Ventricle as a Bacterial Reservoir 


Floyd H. Gilles, MD; Juan L. Jammes, MD; William Berenberg, MD 


è We reviewed autopsies of neonates 
who had died of meningitis. Plexitis and 
ventricular exudate were usually present. 
While the pathogenetic relationship be- 
tween these two phenomena is uncertain, 
it is possible that the glycogen-rich 
choroid plexus of the lateral ventricles not 
only facilitates local bacterial growth but 
also acts as a bacterial reservoir relatively 
resistant to antimicrobial agents. We 
suggest that more drastic approaches 
than parenteral antimicrobial therapy may 
be indicated to reduce further the morbid- 
ity and mortality of neonatal meningitis. 

(Arch Neurol 34:560-562, 1977) 


eningitis has its onset more 
frequently in the first month 

than in any subsequent 30-day period 
of life.’ Its morbidity and mortality in 
the neonate remain a formidable chal- 
lenge in spite of apparently appro- 
priate parenteral antibiotic therapy. 
Plexitis or ventriculitis is frequently 
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encountered in neonatal meningitis.’ 
It is the purpose of this study to 
evaluate the potential role of bacterial 
exudate within and around the chor- 
oid plexus of the lateral and third 
ventricles in the pathogenesis and 
evolution of neonatal meningitis. 


MATERIALS AND METHODS 


All cases of neonatal meningitis coming 
to autopsy at the Children’s Hospital 
Medical Center between 1962 and 1971 
were reviewed. Twenty-three infants less 
than 1 month of age at onset of meningitis 
who died before the fifth week of postnatal 
life were included. (Infants with a direct 
cutaneous-leptomeningeal communication 
such as a dysrhaphie abnormality or a 
dermal sinus tract were excluded.) Two 
additional cases from the same period were 
provided by Dr E. P. Richardson, Jr, of the 
Massachusetts General Hospital. Tissue 
was stained with hematoxylin-eosin, Luxol 
fast blue, Tworts’ method for bacteria, and 
PAS with or without prior diastase treat- 
ment. Selected cases with plexitis were 
matched to noninfected neonates of com- 
parable total age in order to estimate the 
amount of PAS-positive material in the 
choroid plexus. 

The prosencephalic choroid plexuses of 
the lateral and third ventricles included in 
the routine slides were examined for the 
presence or absence of purulent exudate, 
necrotic debris, and bacteria. The choroid 
plexus of the fourth ventricle was not 


utilized because of its proximity to the 
midline and lateral foramina. In each case, 
ventricular dilation was determined at the 
examination of the gross brain or from 
microscopic slides; in three instances, the 
poor condition of the brain precluded this 
estimate. 


RESULTS 


The neonates ranged in gestational 
age from 28 to 40 weeks. Half the 
population was mature. Postnatal age 
ranged from 2 to 30 days. The follow- 
ing organisms were cultured: Kleb- 
siella sp (in three cases); f-hemolytic 
streptococcus (in four); a-hemolytic 
streptococcus (in one); Escherichia 
coli (in eight); Diplococcus pneumo- 
niae (in one); Proteus sp (in one); 
Staphylococcus aureus (in one); Hae- 
mophilus influenzae (in one); Strepto- 
coccus fecalis (in one); Gram-negative 
rods seen on smear, but not grown out 
in culture (in three); Pseudomonas sp 
and Klebsiella sp (in one). An acute or 
subacute purulent leptomeningitis 
was present in all brains. 

In 21 of the 25 cases, plexitis (Fig 1) 
was present. The amount of ventric- 
ular cellular exudate, fibrin, necrotic 
debris, and plexus necrosis varied 
considerably in intensity from case to 
case. In several cases, the ventricular 
exudate was organized into layers. In 
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none of the cases was the plexitis 
adjacent to a tela choroidea filled with 
exudate. In some cases, bacteria were 
readily demonstrated within and out- 
side of the plexus with or without an 
accompanying inflammatory infil- 
trate in the plexus. 

Epithelial cells of the plexus were 
only partially filled with PAS-positive 
material, because of the prior use of 
an aqueous fixative. Although dias- 
tase-labile PAS material in the cub- 
oidal epithelium of the inflamed chor- 
oid plexus appeared to be considerably 
reduced when compared with the age- 
matched controls, there was marked 
variation in the amount of PAS-posi- 
tive material in the latter. Four cases 
did not have involvement of the supra- 
tentorial choroid plexus. In one, that 
of a preterm child of 31 weeks’ gesta- 
tion surviving one day, the organism 
was a Gram-negative rod that could 
not be identified. In another infant, 3 
weeks old, an a-hemolytic strepto- 
coccus was cultured from the spinal 
fluid. The two other neonates had 
associated otitis media, S fecalis in 
one and pneumococcus in the second. 

In the 22 neonates in whom the 
ventricular size could be estimated, 
the lateral and third ventricles were 
enlarged in nine, of normal size in six, 
and collapsed in seven. In the majority 
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Fig 1.—Choroid plexus is in left lower corner. Plexus stroma is 
filled with cellular exudate. In many sites, plexus epithelium has 
been eroded. Lateral ventricle contains mass of protein-rich 
cellular exudate and necrotic debris organized into layers. Middle 
layer (arrows) is composed of colonies of b 


acteria (hematoxylin- 


of the latter infants, the brain was the 
site of a patchy widespread necrosis 
(with attendant swelling), so ventric- 
ular size during life could not be esti- 
mated. In two of the swollen brains, 
the lateral ventricle and the trigone 
were excessively spacious, and in the 
third, the aqueduct was clearly 
rounded and dilated, suggesting that 
there may have been premortem 
ventricular dilation. 

Occasionally, one encounters in 
brains of neonates and infants dying 
with septicemia without meningitis a 
flagrant inflammatory response in 
the prosencephalic choroid plexus (Fig 
2). It is possible that this could bea 
primary site of microbial invasion of 


CSF. 


COMMENT 


We have demonstrated the associa- 
tion between a purulent exudate in 
the meninges and an exudate in or 
around the choroid plexus of the 
lateral ventricles in neonatal meningi- 
tis. This finding is not new and has 
been mentioned in textbooks for at 
least a century.’ This association 
between meningitis and ventriculitis 
may decrease with age.‘ 

Three potential routes of access of 
organisms to the ventricles exist. The 
data in our material and in the litera- 


» soe 
Fig 2.—Plexitis incidentally found in infant without meningitis. 
Lying in stroma between plexus epithelium (upper left) and 
normal vessel (lower left) are many polymorphonuclear leuco- 
cytes (arrows) (hematoxylin-eosin, x 100). 





ture do not allow a choice between 
them. In fact, perhaps more than one 
mechanism may operate at different 
stages of this disease, with differing 
organisms, in different patients, or at 
differing ages. The means of access to 
the choroid plexus favored by classic 
writers’ is that of direct passage from 
the leptomeninges via the transverse 
or choroidal fissures to the stroma of 
the choroid plexus. The findings in 
some of our cases that would not 
support this hypothesis are (1) no 
continuity between the inflammatory 
exudate in the plexus and leptome- 
ninges; (2) more exudate outside of 
the plexus in the ventricle than within 
the stroma of the plexus; (3) plexitis 
without meningitis. 

More recently, the means of access 
favored is that of the direct retro- 
grade movement of organisms from 
the subarachnoid spaces into the 
fourth ventricle, aqueduct, third ven- 
tricle, and throughout the horns of the 
lateral ventricle (eg, against the flow 
of CSF), although some consider 
ventricular exudate possibly an arti- 
fact of autopsy.: Further, retrograde 
flow could be facilitated by stasis of 
CSF due to obstruction of the fourth 
ventricular outlets or, prior to stasis, 
could be facilitated by the pulsatile 
movement of CSF in and out of the 
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fourth ventricle as previously postu- 
lated? and more recently demon- 
strated." On the other hand, such a 
mechanism cannot account for all 
cases of plexitis, for we have studied 
cases without meningitis in which the 
plexus was involved (Fig 2). 

A third hypothesis is that hemato- 
genously borne microorganisms first 
localize in the choroid plexus, multiply 
locally, and find their way to the 
ventricles. Subsequently, they may be 
washed out of the ventricle along with 
massive amounts of protein-rich cellu- 
lar debris and exudate. The evidence 
supporting this theory includes the 
following: (1) There is hemoconcentra- 
tion in the choroid plexus.’ (2) There is 
a high glycogen content of the neona- 
tal choroid plexus.’® (3) The dramatic 
change in the morphologic appearance 
of the plexus epithelial cell in the 
immediate postnatal period is due to 
loss of glycogen.’ (4) Certain orga- 
nisms (meningococeus) “are often 
most abundant in ventricular 
fluid...and are quickly destroyed 
when they reach the more vascular 
meninges.” (5) In experimental can- 
ine meningitis, the “lateral ventricles 
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are a ‘point of election’ for the luxu- 
riant growth of pneumococci. ... The 
lateral ventricles, however, continual- 
ly renew the supply.” (6) Some 
organisms, in the ventricle, require as 
much as a fiftyfold increase over the 
in vitro minimal inhibitory concentra- 
tion of antimicrobial agents to gain 
control. (T) Ventricular fluid cultures 
may remain positive after fluid 
cultured from the lumbar theca 
becomes negative.*' (8) Access of 
systemic antimicrobial agents to the 
ventricle may be impeded by a thick 
exudate over the plexus. (9) Hydro- 
cephalus, so commonly a complication, 
may result from large masses of 
exudate from the plexus blocking the 
aqueduct or the outlets of the fourth 
ventricle. (10) The prolonged “pre- 
meningitic” stage may reflect intra- 
ventricular intraplexus incubation 
and growth of organisms. (11) In 
Salmon’s series,‘ there was a high 
success rage of cases treated with 
ventricular drainage, and Lorber and 
co-workers? noted improvement in 
children following ventricular admin- 
istration of antibiotic. More recently, 
a model of H influenzae meningitis in 
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PERTE ” 


infantile monkeys has demonstrated 
that organisms can be regularly recov- 
ered from lateral ventricular fluid in 
quantities equal to or greater than 
those from subarachnoid fluids." 

In summary, we have found a 
frequent association between menin- 
gitis and an accumulation of purulent 
exudate within ventricles and around 
plexus in neonates who died of menin- 
gitis. The persistence of organisms in 
ventricular fluid in children with 
meningitis who are not doing well’ is 
highly suggestive that the plexus may 
be infected. In view of the reported 
improvement in clinical status follow- 
ing ventricular tap, reconsideration of 
ventricular lavage or direct intra- 
ventricular instillation of antibiotics, 
although drastic measures, may im- 
prove the current morbidity and 
mortality of this often fatal disease. 
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KEG Recognition of Aicardi’s Syndrome 


Ruggero G. Fariello, MD; Raymond W. M. Chun, MD; Joseph M. Doro, DO; J. Raymond Buncic, MD; John S. Prichard, MD 


è Thirty-two EEGs from six cases of 
Aicardi’s syndrome were reviewed. A 
characteristic EEG pattern was found in 
all cases. This consists of multifocal 
epileptiform abnormalities occurring on a 
burst-suppression pattern showing com- 
plete asynchrony between the two hemi- 
spheres. This pattern has been described 
So far only in Aicardi’s syndrome. These 
characteristic EEG features are more 
readily found early in the course of the 
disease and occur less frequently six 
months after from the onset of symptoms, 
at which time they are often replaced by 
multiple epileptic foci on a severely disor- 
ganized background. The EEG sleep 
pattern was profoundly altered in all 
Stages of the disease. The EEG is consid- 
ered a helpful tool in the diagnosis of 
Aicardi’s syndrome. 

(Arch Neurol 34:563-566, 1977) 
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icardi’s syndrome is a condition 
characterized by the association 
of multiple congenital anomalies and 
infantile spasms appearing during the 
first months of life in female infants. 
The CNS, ocular, and bone dysplasias 
are the most frequently reported 
anomalies."? The CNS involvement is 
manifested by convulsions (general- 
ized flexion spasms) and by cerebral 
dysgenesis such as partial or total 
agenesis of the corpus callosum, 
porencephaly, and cortical heteroto- 
pia. The ocular manifestations include 
a severe chorioretinopathy (multiple, 
bilateral, footprint-shaped retinal “la- 
cunae,’ and pigmented lesions [L. 
Chisholm, A. G. Hunter, R. D. Merret, 
unpublished observations]) often asso- 
ciated with staphyloma, coloboma of 
the optic nerve, microphthalmia, and 
facial asymmetry. Less common are 
the occurrence of rib and vertebral 
dysplasias, scoliosis, and other osseous 
abnormalities. 
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We observed from two medical 
centers six cases of Aicardi’s syn- 
drome. These are the first cases 
reported in the North American popu- 
lation. Electroencephalographic study 
revealed in all of them, usually early 
in the course of the disease, a charac- 
teristic EEG pattern that has not been 
previously described in cases of infan- 
tile spasms nor in patients with 
callosal agenesis. The evolutionary 
EKG features and the profound anom- 
alies of the EEG sleep pattern are also 
described. 


REPORT OF A CASE 


This report describes extensively a para- 
digmatic case, and the salient clinical 
features of the other patients are summa- 
rized in the Table. 

A 3-week-old girl was first admitted to 
the University of Wisconsin Hospital in 
October 1972 with a chief complaint of 
apneic spells and infantile spasms. Her 
mother was 18 years old and this had been 
her first pregnancy. She was well during 
this pregnancy, with no history of infec- 
tious diseases or exposure to radiation. She 
was taking diuretics for a short period. Her 
labor and delivery occurred spontaneously 
and uneventfully at 41 weeks of gestation. 
The birth weight was 4,200 gm. Small left 
eye and a low settled left ear were noted at 
birth. An ophthalmological evaluation re- 
vealed chorioretinitis bilaterally, a large 
coloboma of the right optic nerve, and 
microphthalmia with microcornea of the 
left eye. Asynclitism of the skull, brachy- 
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Age at 
Onset of 
Spasms 


Dilated 3rd ventricle, probable 
absence of CC 

Absence of posterior part of 
CC, bilateral porencephalic 


cyst 


Absence of posterior part 
of CC, left parietal porencephalic 


Cerebral Anomalies* 
Microcephaly, absence of CC, 
left cortical atrophy 
Microcephaly, absence of CC, 
cortical eterotopia 
Microcephaly, absence of CC of 
right, cortical atrophy 


“lacunae” 


“lacunae” 


“lacunae” 


cyst stenosis of 


4th ventricle 


*Corpus callosum indicated by CC. 


IOON Lm 


|I sec 


Fig 1.—An EEG of a 4-month-old infant 2% months after onset of spasms. Child is awake, 
relaxed with no sedation. Tracing consists of burst-suppression activity that is clearly 
asynchronous and is independent on two hemispheres. Multifocal independent spikes 


can be seen on P,, C,, Ts. 


cephaly, clinodactyly of the fifth fingers, 
and a right concave scoliosis were also 
detected. Neurological examination re- 
vealed bilateral brisk deep muscle stretch 
reflexes and ankle clonus. Spine roentgen- 
ograms showed a marked scoliosis with two 
left hemivertebrae and rib anomalies of 
the 6th, 8th, and 9th ribs on the right. An 
EEG was grossly abnormal, showing 
asynchrony of the two hemispheres (Fig 1). 
An intravenous pyelogram was normal. 
Antibody screen for congenital infections 
(toxoplasmosis, cytomegalovirus, herpesvi- 
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rus, and rubella virus) was negative. 
Results of chromosomal investigations and 
dermatoglyphic studies were also normal. 
A pneumoencephalogram showed a large 
porencephalic cyst over the left parietal 
region comprising part of the very dilated 
left lateral ventricle. There was also partial 
agenesis of the posterior part of the corpus 
callosum and a 3-cm cyst on the midline 
lying near the splenium of the corpus callo- 
sum. The diagnosis of Aicardi’s syndrome 
was made. 

The infant has been readmitted periodi- 


Ophthalmological Findings 
Microphthalmia, staphyloma of disk, 
bilateral multiple “lacunae” 
Staphylomata, multiple bilateral 


Microphthalmia, staphyloma coloboma, 
multiple bilateral “lacunae” 


Left microphthalmia, multiple bilateral 


Microphthalmia, multiple bilateral 


Microphthalmia, staphyloma coloboma, 
multiple bilateral “lacunae” 


Associated Anomalies 


Segmentation & fusion dorsal 
vertebrae scoliosis 


Hemifacial hypoplasia 
& absence of dorsal 
vertebrae, absence of 
dorsal portion of ribs, 
ankle varus 


Asynclitism of skull 


Plagiocephaly 


2 left hemivertebrae, rib anom- 
alies from 6th to 9th rib, 
scoliosis asynclitism of skull, 
plagiocephaly syndactyly 





cally to the hospital for recurrent bacterial 
and viral pneumonias and for control of 
recurrent seizures. No major develop- 
mental progress was evident and examina- 
tion at 4.4 years of age indicated profound 
psychomotor retardation. She could sit but 
not stand, and she could not feed herself. 
Her motor activity was limited to move- 
ments of the head and occasional purpose- 
less choreoathetoid movements of upper 
extremities. There was no response to 
visual, auditory, and mild noxious stimuli. 


EEG STUDIES 


Thirty-two EEGs were reviewed in these 
patients (Table) at different stages of the 
disease. Of these, four awake EEGs 
included simultaneous recordings of ECG, 
muscle activity, and respirations; seven 
were daytime spontaneous sleep studies 
and ten were taken with sedation with 
barbiturates or chloral hydrate. Two cases 
had all night sleep polygraphic recordings, 
with monitoring of eye movements, sub- 
mental muscle, ECG, and respirations. The 
remaining nine were routine EEGs with no 
sedation, six of which contained some 
alternation of wakefulness and sleep. The 
EEGs were recorded in bipolar runs from 
electrodes placed according to the Interna- 
tional 10-20 system.’ Each tracing con- 
tained at least one referential run (ear lobe 
electrode used as reference). 


RESULTS 


The EEGs done within the first six 
months of onset of the infantile 
spasms demonstrated a characteristi- 
cally abnormal pattern. These abnor- 
malities were noted in all of the cases 
studied. However, in some patients 
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these typical abnormalities were not 
always present in serial EEGs. With 
the child alert, the background was 
characterized by a burst-suppression 
pattern in which burst and suppres- 
sion equally lasted two to four 
seconds. The bursts consisted of 
medium voltage (50 to 200 uV) theta 
and delta waves with intermingled 
sharp waves and often spikes. These 
paroxysmal activities presented phase 
reversal in different areas of the two 
hemispheres. During the suppression 
period, occasionally some low voltage 
activity in the theta and delta bands 
was detectable; less frequently seen 
were spindle-like formations in the 
beta frequency. 

The activity of the two hemispheres 
was completely asynchronous as if 
coming from different brains. As a 
consequence, for long periods the 
burst-suppression pattern randomly 
shifted over the two hemispheres (Fig 
1 and 2, A). During drowsiness and 
drug-induced sleep, the asynchrony 
tended to disappear and to be replaced 
by a more organized activity, with 
reduced amplitude and suppression of 
the epileptiform discharges (Fig 2, B). 
These abnormalities were usually 
found throughout the first six months 
of the disease, and less frequently 
thereafter. Spontaneous sleep could 
either reestablish the burst-suppres- 
sion pattern or demonstrated findings 
similar to those found in state of 
drowsiness. No sleep spindles or other 
“tonic” sleep phenomena such as 
vertex waves or K complexes were 
ever noted during full night record- 
ings. In the absence of behavioral 
information, EEG sleep recognition 
could have been, at times, very diffi- 
cult and essentially based on a mild 
slowing of the background rhythms 
and on the definite enhancement of 
the epileptiform discharges, which 
often assumed pseudoperiodic focal 
features (Fig 2, C). 

Sustained generalized hypsarrhyth- 
mia was never observed in our 
subjects. Samples of EEG recordings 
on one of our patients done in another 
hospital showed hypsarrhythmia on 
the left hemisphere and suppression 
burst activity on the right. Several 
bouts of flexion spasms were recorded 
in three patients; the EEG pattern 
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Fig 2.—Samples taken from same case one month after onset of spasms: A and B from 
the same recording during awake (A) and drowsy (B) periods. In A, typical asynchronous 
burst-suppression is evident. Drowsiness reduces voltage and induces more synchro- 
nized pattern. C is taken two days later during spontaneous sleep: note absence of burst- 
suppression activity and outstanding activation of epileptiform activities, especially 
focus located at F,. No “tonic” EEG phenomena of sleep are present. 
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Fig 3.—An EEG taken during cluster of flexion spasms, one year after onset of seizures. 
Each arrow corresponds to spasm. The EEG shows high voltage slow or sharp waves 
followed by fast recruiting rhythms in beta band. These abnormalities are generalized 
although voltage is predominant on right hemisphere. 
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during these seizures was a general- 
ized burst of high-voltage slow waves 
followed by a brief discharge of fast 
recruiting activity (Fig 3). In the 
EEGs done six months after the first 
symptoms, the characteristic features 
were less frequently found and were 
replaced by multifocal epileptiform 
abnormalities on a highly disorga- 
nized slow background. However, oc- 
casionally, brief periods of remarkable 
asymmetry between the two hemi- 
spheres would appear during the same 
recording, more often when the 
patient was asleep. Again character- 
istic transient sleep phenomena were 
absent. In two full-night records (done 
in two patients aged 1.2 and 4.4 years), 
no spindles, vertex waves, K com- 
plexes, or periods of rapid eye move- 
ment were detectable. 


COMMENT 


Aicardi et al? in their original 
extensive description of this syn- 
drome, mentioned the occasional oc- 
currence of similar EEG patterns. 
Dennis and Bower,’ in a case report, 
hypothesized a possible unicity of the 
EEG findings with emphasis on the 
independent activity of the two hemi- 
spheres. This opinion was shared by 
Jeavons et al,’ but neglected in recent 
reports. We have reviewed the litera- 
ture and the EEGs of 35 cases of 
infantile spasms and 17 of callosal 
dysgenesis or agenesis with (13) or 
without (four) overt neurological ab- 
normalities. The asynchronous burst- 
suppression pattern that we described 
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in the Aicardi’s cases was not found in 
any of these EEGs nor have these 
findings been described in the litera- 
ture reviewed. It should be empha- 
sized that in electroencephalography, 
pathognomonic patterns do not exist: 
the example of the “highly specific” 
EEG pattern for subacute sclerosing 
panencephalitis originally described 
by Radermaker’ and then found in a 
wide variety of neurological diseases 
should be kept in mind. Nevertheless, 
the presence of a burst-suppression 
pattern independently arising from 
the two hemispheres in an infant girl 
with flexion spasms is highly sugges- 
tive of the diagnosis of Aicardi’s 
syndrome and so far have only been 
seen in these cases. In our case 5, it 
was indeed the EEG that initially 
suggested the correct diagnosis later 
confirmed by clinical and radiological 
investigations. 

The state of consciousness had a 
definite influence on the EEG pat- 
tern. Drowsiness and drug sedation 
reduced epileptiform abnormalities 
and evoked a more synchronized back- 
ground. Spontaneous sleep induced a 
potentiation of the spiking discharges 
and had a variable effect on the inter- 
hemispheric asynchrony and burst- 
suppression. While activation of epi- 
leptiform phenomena by sleep is to be 
expected," the occasional antagonizing 
effect of sleep toward the burst- 
suppression activity is rather para- 
doxical especially considering that, in 
normal infants, quiet sleep is mani- 
fested by the “tracé alternant,” an 
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Aicardi’s syndrome, there are severe 
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an important aspect in the diagnosis 
of Aicardi’s syndrome. 
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Guillain-Barré Syndrome 


With Hydrocephalus in Early Infancy 


Richard C. Gilmartin, MD, Lawrence T. Ch’ien, MD 


® Guillain-Barré syndrome (GBS) is a 
self-limited and uncommon acquired neu- 
rologic syndrome in childhood. It is not 
thought of as a problem of infancy and is 
not always included in the differential 
diagnosis of the floppy infant. This case 
report describes GBS in a 1-month-old 
infant. In addition this infant developed 
hydrocephalus concurrent with the ap- 
pearance of high CSF protein levels. This 
patient is described to demonstrate that 
GBS can occur at all ages and that hydro- 
cephalus may occur particularly when the 
CSF protein is at an unusually high 
level. 

(Arch Neurol 34:567-569, 1977) 
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Oe cum syndrome (GBS) has 

not, to our knowledge, been 
reported in early infancy and is not 
always considered in the differential 
diagnosis of the hypotonic infant. One 
clinical report describes GBS in a 15- 
month-old child, and two separate 
clinical reports include in their series a 
16-month-old child.'? We describe the 
clinical course of a 1-month-old child 
with sudden onset of polyneuritis 
associated with albuminocytologic dis- 
sociation. The diagnosis was not 
initially entertained until the poly- 
neuritis and widespread denervation 
were documented by neurophysiologic 
techniques. The development of hy- 
drocephalus during the course of GBS 
in this infant was unique and provided 
an opportunity to investigate the 
pathogenic mechanisms involved in 
increasing intracranial pressure that 
is infrequently reported in older chil- 
dren and adults with GBS.*-"* 


REPORT OF A CASE 


A 1-month-old girl was admitted to the 
neonatal intensive care unit of the City of 
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Memphis Hospital because of increasing 
respiratory distress over a three-day peri- 
od. She was born on Feb 14, 1975, one of 
twins, to a 25-year-old gravida 3, para. 2 
woman. Labor, pregnancy, and delivery 
were uncomplicated. The infant, who 
weighed 2,250 gm at birth, was in good 
health until three days prior to admission 
when she developed a fever and cough. On 
the following day she became critically ill 
with cyanosis and was admitted with bron- 
chopneumonia to a local hospital. There 
was a flaccid paralysis of all limbs with no 
spontaneous muscle movement. Her condi- 
tion deteriorated despite intensive anti- 
biotic therapy, and a respiratory arrest 
occurred. She was transferred to the 
newborn center, sustained by an infant 
respirator. At the time of admission the 
occipital frontal head circumference was 
34.5 cm. Her temperature was 37.2 C, pulse 
was 140 beats per minute, and respirations 
were 40 per minute. The systolic blood 
pressure was 72 mm Hg. She was lethar- 
gic, flaccid, and had difficulty closing her 
eyes. Breath sounds were reduced bilater- 
ally. She was in severe respiratory distress 
with subcostal, intercostal, and supracla- 
vicular retractions. Cranial nerve examina- 
tion disclosed no abnormalities apart from 
bilateral seventh nerve weakness. Ophthal- 
moscopic findings were normal. She was 
totally areflexic and only grimaced slightly 
in response to painful stimuli and did not 
withdraw limbs from pain. 


Laboratory Findings 


Chemical analyses of the blood demon- 
strated normal levels of sodium, potassium, 
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calcium, phosphorus, glucose, urea ni- 
trogen, total protein, and serum IgM (19 to 
29 mg/100 ml). The CSF was acellular 
except for those taps that were traumatic. 
Serial protein determinations of the lum- 
bar and ventricular fluid are shown in the 
Figure. The CSF cultures showed no 
pathogenic bacteria or fungi. Complement- 
fixing antibody titers to cytomegalovirus 
were 1:64, to herpes simplex virus were 
1:32, and to Toxoplasma gondii were less 
than 1:64. The creatine phosphokinase, 
lactic dehydrogenase, and SGOT levels 
were within normal limits. 


Electrophysiologic Studies 


The clinical neurophysiologic studies 
were performed on the 40th day of illness. 
The left common peroneal nerve conduc- 
tion velocity was 1.9 m/sec (normal, 37.2 
m/sec),’” and the left median nerve conduc- 
tion velocity was 2.1 m/sec (normal, 33.1 
m/sec).'’ Electromyography revealed fib- 
rillation potentials in the quadriceps, ante- 
rior tibial, and extensor digitorum brevis 
muscles. Voluntary recruitment could not 
be evoked, but the motor units were normal 
for age. This study showed evidence of 
widespread denervation of recent onset. 


Hospital Course 


The infant had a stormy hospital course 
including bilateral lobar pneumonia and 
atelectasis. Endotracheal intubation was 
maintained and then discontinued cau- 


568 Arch Neurol—Vol 34, Sept 1977 


tiously on the 17th hospital day. The 
infant’s anterior fontanel was noted to be 
tense on the eighth hospital day. Subdural 
taps performed at that time were negative. 
A ventriculogram showed slightly enlarged 
ventricles. On the 24th hospital day she 
developed recurrent focal seizures involv- 
ing the left upper extremity and facial 
muscles. It was thought that the infant had 
suffered brain damage due to hypoxia. On 
the 20th hospital day the patient’s head 
circumference was noted to be increasing 
at an alarming rate. This was associated 
with a bulging tense anterior fontanel. The 
head circumference enlarged from 35.5 cm 
on the 19th hospital day to 39 cm on the 
37th hospital day. Spinal fluid obtained at 
this time had a protein level of 870 mg/100 
ml, and a second ventriculogram showed an 
even greater ventricular dilation consis- 
tent with communicating hydrocephalus. 
To reduce the ventricular protein con- 
centration, serial ventricular taps were 
performed until the protein concentration 
of ventricular fluid reached 200 mg/100 ml. 
A ventriculoperitoneal shunt was inserted 
on the 45th hospital day. During the next 
month the infant’s condition improved, and 
this improvement was associated with 
gradually increasing muscle tone. Subse- 
quent examinations revealed a persistent 
areflexia, hypotonia, and mildly delayed 
motor development. The head circumfer- 
ence was normal at 18 months of age, and 
the shunt continued to function normally. 


COMMENT 


The clinical picture in this infant— 
acute respiratory failure and motor 
paralysis of limbs in the absence of 
sensory deficit to pain after a nonspe- 
cific respiratory tract infection—is not 
different from the presentation of 
GBS in older children and adults. The 
seventh cranial nerve palsies and CSF 
albuminocytologic dissociation, as 
seen in this infant, are also classic 
findings of this syndrome. In spite of 
similar signs and symptoms in all age 
groups, GBS in a neonate has not, to 
our knowledge, previously been re- 
ported. This case suggests that it does 
occur in the very young but has not 
been recorded previously because of 
its rarity, lack of practical availability 
of clinical neurophysiologic studies, 
and the fact that this diagnosis is not 
regularly listed as one of the differen- 
tial diagnoses of hypotonia or weak- 
ness in infancy. 

Recent reports suggest that the 
patient’s own lymphocytes sensitized 
to peripheral nerve antigen may play 
a role in the pathogenesis of GBS." It 
is well known that cellular immunity, 
including T and B cell function, is well 
developed at birth, and there is reason 
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to believe that young infants are 
perfectly capable of developing GBS. 

Papilledema with or without hy- 
drocephalus has been associated with 
GBS, but most cases have been 
reported in adults or older children. 
In a review of 21 cases of GBS asso- 
ciated with increased intracranial 
pressure and papilledema, Joynt col- 
lected only two cases in the pediatric 
age group: one patient being 11 years 
of age and the other 16 years of age." 
Low et al' described papilledema in a 
3-year-old and a 6-year-old, and Peter- 
man et al described it in a 13-year- 
old.’ In the combined pediatric series 
the frequency is in the range of 6%, 
making this complication common 
enough to be considered in every child 
with GBS." 
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The high protein content of the CSF 
is presumably due to the failure of 
absorption of protein at the spinal 
nerve rootlets, which appear edema- 
tous in GBS. The ventricular fluid 
protein level is usually normal, or if 
elevated, it is less than that of the 
lumbar CSF, as seen in the present 
case. The exact mechanism of the 
development of hydrocephalus is un- 
known. Perhaps it develops because 
CSF absorption is impaired by the 
viscosity of the high protein con- 
centration of the CSF. It has also been 
suggested that papilledema reflects 
intrinsic cerebral edema similar to 
that of pseudotumor cerebri. The 
mechanism responsible for the nerve 
root edema of GBS may also explain 
the infrequent cerebral edema seen in 
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Perinatal Intracranial Hemorrhage 


Incidence and Clinical Features 


Bruce S. Schoenberg, MD, MPH; James F. Mellinger, MD; Devera G. Schoenberg, MS 


è Birth and perinatal records from all 
medical facilities serving the Rochester, 
Minn population from 1965 through 1974 
were reviewed for cases of intracranial 
hemorrhage. Among a total of 10,850 live 
births, 12 documented cases of hemor- 
rhage were found, yielding an average 
rate of occurrence of 1.1/1,000 live births. 
To investigate the role of some 30 poten- 
tial risk factors, a case-control study was 


Some time ago a Woman in this City had 
several children who died of this Disease 
[convulsions]; at length we dissected the 
Head of the fourth Child, which died within 
the first month, like the rest. There was no 
collection of Serum in the Ventricles; only 
the substance of the Brain, and its Append- 
ages was moister, and less firm in its 
Texture than usual. But what was most 
remarkable, in the Cavity below the Cere- 
bellum, immediately above the Trunk of the 
Medulla Oblongata, we found a consid- 
erable quantity of grumous Blood. But it is 
uncertain whether that Matter was con- 
tained there from the Beginning of the 
Disease, and so produced the Convulsions, 
or whether it [was] forced out of the Blood 
Vessels by the Contraction of the neigh- 
boring Parts during the Paroxysms, and so 
ought rather to be considered as the effect, 
than the cause of the Disease.’ 


his 1667 observation by the 
English physician, Thomas Wil- 
lis, is said to represent the first 
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undertaken. Only prematurity and respira- 
tory distress syndrome (RDS) were signif- 
icantly associated with intracranial 
hemorrhage. This study demonstrates 
that neonatal intracranial hemorrhage is 
relatively common, associated with pre- 
maturity and RDS, difficult to recognize 
clinically, and characterized by poor prog- 
nosis. 
(Arch Neurol 34:570-573, 1977) 


description of intracranial hemor- 
rhage in neonates.’ Despite the recog- 
nition of this condition over 300 years 
ago, much that surrounds the problem 
of perinatal cerebrovascular disease 
remains an enigma. The magnitude of 
this disorder has never been docu- 
mented, despite the large number of 
individual reports and case series.” ** 

The role of cerebral hypoxia and 
acidosis with resultant stasis throm- 
bosis and venous rupture in the 
genesis of subependymal, subarach- 
noid, and cerebral intraventricular 
hemorrhages in the newborn has been 
considered in several published re- 
ports.®*+6-1219-27 Associated risk factors 
such as prematurity, low birth weight, 
and hyaline membrane disease have 
been implicated as predisposing con- 
ditions.* Recently, agents and pro- 
cedures (ie, mechanical ventilation 
and administration of sodium bicar- 
bonate in alkaline buffer therapy) 
used to treat the severely distressed 
premature infant have been ques- 
tioned as possible etiologic factors in 
perinatal intracranial hemor- 
rhage, <n 

` Although cerebrovascular disease in 
infants and children has been recog- 
nized since the 17th century, the 
magnitude of this problem has never 
been studied in a well-defined popula- 
tion. Case reports first documented 


the existence of this phenomenon. 
These were followed by case series 
describing the experience of parti- 
cular medical institutions. The find- 
ings of such investigations, however, 
do not necessarily reflect the experi- 
ence of the general population. In 
order to avoid the biases that may be 
present in data from a single medical 
facility, the present study of the popu- 
lation of Rochester, Minn was under- 
taken. 


SUBJECTS AND METHODS 


Since the early part of this century, the 
medical practice in Rochester, Minn has 
centered at the Mayo Clinic. The records of 
this institution and other medical care 
facilities in the area provided the resources 
to carry out an investigation of the inci- 
dence of cerebrovascular disease in infants 
and children residing in Rochester. The use 
of a unit record system whereby informa- 
tion on hospitalizations, outpatient care, 
home visits, and laboratory reports is kept 
in a single file greatly facilitates epidemio- 
logical investigation. In addition, a re- 
cords-linkage system has been established 
for residents of Olmsted County, Minn, 
which contains Rochester. This includes 
medical data sources both within and 
outside the Mayo Clinic and involves the 
cooperation of all the medical facilities in 
the area. Although the population is rela- 
tively small, there is a high level of case 
ascertainment and follow-up. 

Such a records-linkage system provides a 
rich data base for studies of disease in a 
well-defined population. Because a large 
number of people work either for the Mayo 
Clinic or for industries having contractual 
arrangements with Mayo, this access to 
medical care is without financial restraint 
for these individuals. Thus, most health 
problems are brought to the attention of a 
physician. The small size of the Rochester 
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population and the ease of data retrieval 
make it possible to do a fairly exhaustive 
study without an inordinate expenditure of 
time or money.” 

Using the facilities of the Rochester, 
Minn records-linkage data resource, two 
neurologists each reviewed the birth and 
perinatal records for 1965 through 1974 
from all medical facilities serving the 
Rochester, Minn population. For a case of 
intracranial hemorrhage to be included, 
both neurologists had to agree on the diag- 
nosis. Patients with subdural hematoma as 
the only form of intracranial hemorrhage 
were excluded from further consideration. 
In order to investigate the role of potential 
risk factors, two matched controls were 
chosen for each case of intracranial hemor- 
rhage. These consisted of the next live 
birth and the next live premature birth, 
occurring in the same hospital as each of 
the cases. Also the parents of the controls 
had to be residents of Rochester, Minn, as 
were the parents of the patients. Birth, 
perinatal, pregnancy, and delivery records 
were reviewed for all patients, as well as 
for the two sets of matched controls, for all 
the following factors: 


Infant 
Sex 
Birth weight 
Gestational age* 
Head size 
Length 
Apgar score 
Hyaline membrane disease 
Positive-pressure assisted ventilation 
Malformation(s) 
Index pregnancy 
Twin pregnancy 
Trauma 
Bleeding 
Infection(s) 
Irradiation 
Anemia 
Diabetes mellitus 
Drugs (other than vitamins or iron) 
Delivery 
Presentation (breech, vertex, etc) 
Spontaneous 
Induced 
Forceps (high, low) 
Cesarean section (obligate, elective) 
Anesthesia 
Previous pregnancies and deliveries 
Number of previous pregnancies 
History of: 
Miscarriage 
Premature delivery 
Breech presentation 
Bleeding during previous 
pregnancies 


“Used in defining premature controls; 
hence, this factor could not be tested in 
comparing patients and premature con- 
trols. 
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Statistical significance of the association 
between any of these potential risk factors 
and intracranial hemorrhage was mea- 
sured with the Wilcoxon signed rank test” 
for quantitative variables (Apgar score, 
birth weight, ete) and with the binomial 
test” for dichotomous variables that are 
either present or absent (eg, hyaline 
membrane disease, cesarean section). 


RESULTS 


Among a total of 10,850 live births 
in the Rochester, Minn population 
during 1965 through 1974, twelve 
documented cases of hemorrhage 
were found. This yields an average 
rate of occurrence of 1.1/1,000 live 
births. This figure represents a mini- 
mal estimate, since only documented 
cases are included. Table 1 summa- 
rizes the details concerning each of 
these 12 patients. Note that patients 7 
and 8 were twins. In ten of the 12 
individuals, the hemorrhage origi- 
nated in the germinal matrix, This is a 
subependymal layer of the lateral 
ventricles that is relatively large in 
premature infants as compared to 
full-term infants. Of the 12 infants, 
eight were males. None of the 
patients had focal neurological signs. 
Two patients underwent a nontrau- 
matic lumbar puncture yielding gross- 
ly bloody cerebrospinal fluid. All 12 
infants had autopsy confirmation of 
the diagnosis. Five infants had one- 
minute Apgar scores above 8, but soon 
after birth, manifestations of respira- 
tory distress syndrome developed. The 
remainder had difficulty immediately 
at birth. One of the two infants with 
congenital malformations had defects 
apparent on clinical examination. In 
all the others, the malformations were 
discovered at autopsy. In the 12 cases, 
survival ranged from one to five days, 


with a mean of 2.75 days. In addition ~ 


to these 12 individuals, one male still- 
born infant during the ten-year peri- 
od was found to have an intracerebral 
hemorrhage. If this case were to be 
included in calculating the rate for all 
10,952 births (live and stillbirths) 
during this period, the figure becomes 
1.2/1,000 births. 

If one regards Rochester, Minn as a 
random sample representative of 
some larger population, then it is 
appropriate to calculate confidence 
intervals for the two calculated rates 
of perinatal intracranial hemorrhage 
(Table 2). Since the probability of an 


intracranial hemorrhage developing is 
rather small, the Poisson distribution 
was used to establish 95% confidence 
intervals around the rates. The reader 
should use great caution in applying 
these findings to other populations, 
however, since Rochester, Minn may 
not be representative of other commu- 
nities, 

Studies of potential risk factors for 
perinatal intracranial hemorrhage in- 
volve comparisons between the expe- 
rience of these patients and an appro- 
priate set of controls. The first set of 
controls was selected on the basis of 
the next live birth occurring in the 
same hospital. As was the situation 
with the patients, the parents of each 
control had to have been Rochester, 
Minn residents. Since the statistical 
techniques employed assume indepen- 
dence among the patients, the second 
twin (case 8) was excluded from this 
analysis, since data concerning this 
female infant were not independent 
of information concerning her twin 
sister (case 7). 

Prematurity (defined as a gesta- 
tional age of less than 37 weeks) was 
strongly associated with perinatal 
intracranial hemorrhage (P < .01). All 
12 patients were premature, while 
none of the first series of controls fel] 
into this category. Factors related to 
prematurity, such as low birth weight 
and respiratory distress syndrome, 
were also strongly associated with 
perinatal intracranial hemorrhage. To 
determine whether these factors in 
themselves were important or wheth- 
er their relationship to intracranial 
hemorrhage reflected their correla- 
tion with prematurity, a second set of 
controls was chosen. 

This second series of controls con- 
sisted of the next live premature birth 
in the same hospital to parents 
residing in Rochester, Minn. The same 
factors listed previously were com- 
pared between the patients and the 
second set of controls. Gestational age 
was excluded from consideration, 
since this was used to define prema- 
turity. For the reasons already stated, 
data from the second twin (case 8) 
were not included in the analysis. 
Hyaline membrane disease mani- 
fested by the respiratory distress 
syndrome was associated with peri- 
natal intracranial hemorrhage 
(P< .01), as was positive-pressure 
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Table 1.—Summary of 


Problems During Delivery 


Membranes ruptured 36 hr before 
delivery, right-sided 
cephalonematma; forceps used 


Intravenous alcohol after uterine 
contractions began; cesarean 
section; placenta previa 


Intravenous alcohol after uterine 
contractions began; cesarean 
section; placenta previa 


Breech presentation 


Breech presentation 


Patient/Gestational Birth Head Age of Problems During 
Age, wk/Sex Weight, gm Size,cm Mother, yr Index Pregnancy 
1/28-30/M 1,360 26.5 22 Mother Rh-negative father Rh-positive 
2/34/M 2,460 30.0 26 
3/32/M 1,805 30.0 26 Leaking amniotic fluid at 24 wk 
gestation; vaginal bleeding 10 days 
before delivery 
4/30/M 1,000 26.5 25 Leaking amniotic fluid 1 wk before 
delivery (bacterial contamination) 
5/35/M 2,600 33.0 27 
6/30/F 1,130 30.0 32 Vaginal bleeding before delivery 
7/30/F* 1,240 28.0 24 Preeclampsia at 27 wk; vaginal 
bleeding for 3 wk before delivery 
8/30/F* 1,360 29.0 24 Preeclampsia at 27 wk; vaginal 
bleeding for 3 wk before delivery 
9/29/F 1,320 27.0 28 Leaking amniotic fluid 5 days 
before birth 
10/24/M 736 20.0 41 Mother Rh-negative father Rh-positive, 
vaginal bleeding 2 wk 
before delivery 
11/35.5/M 1,405 28.5 19 Preeclampsia; history of cystitis 
12/19.5/M 600 20.0 18 Bleeding with premature labor 
*Twins. 
assisted ventilation (P< .05). Al- 


though these two factors are related 
to prematurity, they appear to further 
increase the risk of intracranial 
hemorrhage in the premature infant. 


COMMENT 


This investigation, for the first 
time to our knowledge, provides an 
estimate of the magnitude of peri- 
natal intracranial hemorrhage in a 
well-defined population. In slightly 
more than 0.1% of all live births in 
Rochester, Minn, this condition devel- 
oped. The reader should bear in mind 
that this figure represents a minimal 
estimate, since only well-documented 
cases were included. The condition is 
alarmingly common, especially when 
considered with regard to the very 
poor prognosis of infants with intra- 
cranial hemorrhage. The disorder is 
difficult to recognize clinically; the 
insult of an intracranial hemorrhage 
on the immature nervous system does 
not in the majority of cases produce 
recognizable neurological deficits, es- 
pecially focal findings. 

A case-control study was carried out 
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Oxytocin induction; mother 
hypertensive with decreased 
renal output at delivery 


Breech presentation 


Table 2.—Perinatal Intracranial Hemorrhage 


No. of patients with 


(N =10, 850) 


Live Births All Births 


(N =10, 952) 


intracranial hemorrhage 12 
1.1 


13 
Rate/ 1,000 live births 1.2 


95% confidence interval 


to investigate the association of 
potential risk factors with perinatal 
intracranial hemorrhage. Of the char- 
acteristics studied, prematurity and 


- hyaline membrane disease manifested 


by the respiratory distress syndrome 
emerged as the two most important 
factors. This is certainly consistent 
with the findings of published case 
series. With such a small number of 
patients and controls, however, other 
biologically important risk factors 
may not have reached statistical 
significance. Larger case-control in- 
vestigations are required to better 
define these risk factors. Although 
agents and procedures used to treat 
the premature infant with respiratory 
distress syndrome have been impli- 
cated in the etiology of intracranial 





0.6-1.9 


hemorrhage, they do not explain all 
such cases, as noted by the examples 
given in this study. Intracranial 
hemorrhage may likewise occur in 
utero as exemplified by the one still- 
birth. 

Despite the fact that there are no 
currently available treatments for 
this important perinatal problem, op- 
portunities do exist for primary 
prevention. Available data suggest 
that lowering the frequency of prema- 
turity and hyaline membrane disease 
would have a significant effect on the 
occurrence of intracranial hemor- 
rhage in the newborn. Careful peri- 
natal care, including amniotic fluid 
analysis when clinically indicated, 
hopefully will help considerably in 
achieving this goal. 
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Cases (Live Births Only) 


~ 


subarachnoid, subdural 


Dallas W. Anderson, PhD, survey statistician 
at the National Institute of Neurological and 
Communicative Disorders and Stroke, provided 
Statistical assistance and reviewed the manu- 
script. 


Nonproprietary Name and 
Trademarks of Drug 


Oxytocin—Pitocin, Syntocinon, Uteracon. 
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Brief Communications and Clinical Notes 


e Vertebral artery occlusion developed 
in a young adult shortly after he had 
performed neck manipulations during 
yoga movements. Yoga exercises are a 
rare cause of acute medullary or cere- 
bellar infarction. 

(Arch Neurol 34:574-575, 1977) 


oga exercises enjoy wide popu- 

larity as a form of recreation and 
a mode of relaxation. On infrequent 
occasions, medical and neurological 
complications may appear as conse- 
quences of yoga maneuvers.'” We 
report on a patient who sustained 
vertebral artery occlusion with pro- 
nounced neurological deficit shortly 
after performing yoga exercises in- 
volving neck manipulation. 


REPORT OF A CASE 


A 25-year-old, right-handed man was 
admitted to the hospital because of dizzi- 
ness and inability to walk. He had been in 
excellent health until the morning of 
admission, when he suddenly experienced 
pins-and-needles paresthesias of the left 
side of his face. Fifteen minutes later, 
blurred vision and vertigo developed. Soon 
thereafter, he was unable to walk without 
help, had difficulty controlling movements 
of the left side of his body, and noted 
dysphagia. 

He had performed yoga exercises every 
morning for 18 months. In one exercise, he 
kept his head hyperrotated and extended 
to the left and then to the right side for 
three minutes. This was followed by five 
minutes of inverted standing with his 
shoulders and neck maximally flexed 
against the bare floor. He had completed a 
90-minute exercise routine on the day of 


de ee es ee ee a eee ae 


Accepted for publication March 28, 1977. 

From the Department of Neurology, North- 
western University Medical School, Chicago. 

Reprint requests to Department of Neurology, 
Northwestern University Medical School, 303 E 
Chicago Ave, Chicago, IL 60611 (Dr Hanus). 


574 Arch Neurol—Vol 34, Sept 1977 


Vertebral Artery Occlusion 


Complicating Yoga Exercises 


Steven H. Hanus, MD; Terri D. Homer; Donald H. Harter, MD 


admission. Neurological symptoms 0c- 
curred within two hours after concluding 
his exercises. 

Except for a sensation of having 
“strained” the left side of his neck after a 
dive into a swimming pool three weeks 
before, there was no history of head or 
neck injury. Neither the patient nor his 
family had hypertension, diabetes, cardiac 
abnormality, or neurological disease. 

Ecchymoses were noted over the verte- 
bral spinous processes of C-5, C-6, and C-7. 
Apparently, these resulted from repeated 
contact with the hard floor surface on 
which he did yoga exercises. The ecchy- 
motic lesions were our first indication that 
the patient had sustained trauma to the 
cervical spine. 

Other pertinent physical findings were 
limited to the neurological examination. 
He was unable to walk, even with assis- 
tance. There was well-sustained rotatory 
nystagmus in the primary position and on 
upward and left lateral gaze. The left 
corneal reflex was depressed, and there 
was hypalgesia and hypesthesia in the 
maxillary and mandibular divisions of the 
left trigeminal nerve. The palate deviated 
to the right. Intention tremor, decomposi- 
tion of movement, dysmetria, and de- 
creased motor strength were found in the 
left arm and left leg. The muscle stretch 
reflexes in the left arm and leg were 
depressed; plantar responses were flexor 
bilaterally. Perception of pain and temper- 
ature was impaired on the right side of the 
body. There was decreased position sense 
in the left fingers and toes; vibratory sense 
was intact. The signs were compatible with 
a left lateral medullary lesion. 

Routine blood studies, urinalysis, and 
roentgenograms of the chest, skull, and 
cervical spine were normal. Electrocar- 
diogram was normal. Spinal fluid obtained 
by lumbar puncture was under normal 
pressure; it contained no cells. Spinal fluid 
protein and glucose levels were normal. 

Four-vessel angiography by femoral 
catheterization was performed 12 hours 
after admission. No abnormalities were 
found in the aortic arch or carotid arteries. 
The right vertebral and basilar arteries 






were fully patent, but the lumen of the left 
vertebral artery was occluded (Fig 1). 
Obstruction of the left vertebral artery 
was seen at the C2-3 level (Fig 2). The 
distal portion of the left vertebral artery 
was filled from the right side, with delayed 
emptying, indicating total or nearly com- 
plete occlusion of the left vertebral 
artery. 

A left-sided Horner’s syndrome devel- 
oped during the first week of his hospital 
stay. He regained his ability to walk, but 
his gait remained very ataxic. He made 
slow but impressive improvement with 
symptomatic treatment and intensive 
physical therapy. Two months after the 
onset of his illness, he was able to walk 
with a cane, but continued to have 
pronounced difficulty in performing fine 
movements with his left hand. 
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Fig 1.—Patent right vertebral (Rv) and 
occluded left vertebral (Lv) arteries (ante- 
roposterior projection, aortic arch angio- 
gram). 
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Right, Left vertebral artery (Lv, closed arrows) occluded at C2-3 (Open arrows) (lateral 
projection, aortic arch angiogram). 


COMMENT 


The extreme degrees of neck flex- 
ion, extension, and rotation that occur 
during certain yoga exercises have 
been considered potentially hazardous 
to the vertebral and anterior spinal 
artery circulations.’* Such events, 
however, have been rarely docu- 
mented. Aside from our report, we 
have been able to find only one other 
case of vertebral artery compromise 
in association with yoga exercises.’ 
This patient was a 28-year-old woman 
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in whom headache and neurological 
deficit developed after performing 
the “bridge” exercise. This maneuver 
calls for the head, with the neck maxi- 
mally hyperextended, to serve as one 
support of the “bridge” while the 
heels and soles form the other; nystag- 
mus, dysmetria of left arm and leg 
movements, a left-sided Horner’s syn- 
drome, and right-sided hemianesthe- 
sia developed. Vertebral angiography 
disclosed narrowing of the left verte- 
bral artery at C-1 and C-2 and 
vascular displacement suggestive of a 
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left cerebellar hemisphere mass le- 
sion. An ischemic infarct of the left 
cerebellar hemisphere with secondary 
hemorrhages was found at explora- 
tory craniotomy. The patient made a 
partial recovery. 

Head movements with degrees of 
extension and rotation similar to 
those that accompany normal activi- 
ties may cause variation in blood flow 
through the vertebral arteries in the 
transcervical region.*® Congenital 
variation in the caliber and positions 
of the vertebral arteries, atheroma- 
tous disease, and osteoarthritic or 
localized bony lesions of the cervical 
spine may further compromise the 
vertebrobasilar circulation. °- 

Neither our patient nor the pre- 
viously reported patient had preexist- 
ing cerebrovascular disease or bony 
abnormalities of the cervical spine. 
Both were young adults. Although 
they may have had congenital verte- 
bral artery defects, it seems likely 
that the abnormal postures assumed 
during the yoga exercises were critical 
to the development of the neurological 
deficit. The occurrence of vertebral 
artery occlusion in association with 
yoga exercises supports the belief that 
the vertebral artery can be compro- 
mised in normal individuals by neck 
movements that exceed physiological 
tolerance. One would expect certain 
yoga exercises to be even more 
hazardous in elderly persons with 
underlying vascular or arthritic dis- 
ease. Yoga exercises should be consid- 
ered as a possible precipitating event 
in patients with acute vertebral artery 
occlusion and medullary or cerebellar 
infarction. 
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Facial Myokymia in the 


Guillain-Barré Syndrome 


William R. Wasserstrom, MD, Arnold Starr, MD 


è Facial myokymia, a unique involun- 
tary movement of facial muscles, is 
described in a patient with Guillain-Barré 
syndrome. Although this involuntary 
movement is most often described with 
intramedullary lesions of the brain stem, it 
may also appear with lesions external to 
the neuraxis. We review the literature and 
propose a more widespread distribution 
of potential lesions along the facial nerve 
pathway, which may produce facial myo- 
kymia. 

(Arch Neurol 34:576-577, 1977) 


ne. myokymia is a continuous, 
involuntary, undulating move- 
ment of the facial muscles. It has been 
described most prominently in asso- 
ciation with intramedullary brain 
stem lesions such as multiple sclero- 
sis, pontine gliomas, and other poste- 
rior fossa tumors,” and occasionally 
with poliomyelitis affecting the facial 
nerve nucleus‘ and brain stem vascu- 
lar diseases.** Several cases of the 
phenomenon have been described with 
extramedullary brain stem tumors as 
acoustic schwannoma,’ but in these 
instances, the tumors were of suff- 
cient size to compress the brain stem. 
Thus, facial myokymia has been 
considered a clinical sign of an intra- 
medullary brain stem lesion producing 
hyperexcitability (or perhaps loss of 
inhibitory control) in the nucleus of 
the facial nerve. The patient described 
in this report had postinfectious poly- 
radiculopathy (the Guillain-Barré syn- 
drome) with prominent facial myo- 
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kymia, indicating that these move- 
ments can also occur with lesions of 
the facial nerve extrinsic to the brain 
stem. 


REPORT OF A CASE 


A 30-year-old woman in previously good 
health noted the onset of a “flu-like” illness 
in April 1976 manifested by fever, chills, 
generalized fatigue, and myalgias. After 
five days, these symptoms subsided, but 
were then followed in about three days by 
numbness and tingling in the distal aspects 
of both hands and feet. One week later, she 
noted an involuntary twitching and 
“worm-like” movement of the lower half of 
the right side of her face. In the next few 
days, these movements spread to involve 
the entire right side of the face and, to 
some extent, the lower portion of the left 
side of the face. 

On admission to the hospital in May of 
1976, the examination revealed continuous 
flickering movements of the entire right 
side of the face extending from the 
platysma muscle to the frontalis. Similar 
movements of the buccal musculature of 
the left side of the face were also evident. 
There was no facial weakness or change in 
facial sensation. Taste and hearing were 
likewise intact. The patient had a mild 
degree of weakness in the lower extremi- 
ties and in the distal musculature of the 
upper extremities, but fasciculations and 
myokymia were not present. All muscle 
stretch reflexes were absent, except for a 
trace response from the right biceps. There 
was mild symmetrical distal sensory 
impairment to all modalities in the extrem- 
ities. The remainder of the examination 
was within normal limits. 

The involuntary facial movements di- 
minished, but did not totally disappear 
during sleep. Analyses of the urine for 
porphobilinogen and heavy metals showed 
no abnormalities. The cerebrospinal fluid 
obtained from a lumbar puncture was of 
normal pressure, but yellow-tinged. It 


contained one lymphocyte, no red blood 
cells, a protein level of 340 mg/100 ml, and 
a glucose level of 60 mg/100 ml. An electro- 
myogram (EMG) was not performed. A 
clinical diagnosis of Guillain-Barré syn- 
drome was made. Over the next two 
months, the patient’s condition gradually 
improved. By June of 1976, there remained 
only a trace of undulating facial movement 
in the right lower part of the face, slight 
distal weakness in all four extremities, 
absent muscle stretch reflexes, and mild 
distal sensory loss to all modalities. One 
month later, involuntary facial movements 
could not be detected. The reflexes were 
present in the upper limbs, but still absent 
in lower limbs. The patient’s strength was 
now intact, but the mild distal sensory 
deficits persisted. 


COMMENT 


This case illustrates an infrequently 
observed clinical association of facial 
myokymia with the Guillain-Barré 
syndrome.* Facial myokymia has been 
well described in association with 
multiple sclerosis and intramedullary 
tumors of the pons, and rarely with 
extramedullary tumors that compress 
the brain stem.'* The facial myokym- 
ia in all of these cases has been 
presumed to result from abnormali- 
ties within the brain stem affecting 
the nucleus of the facial nerve. Tenser 
and Corbett? thought this hypothesis 
was reasonable, since the myokymia 
was eliminated in a case of brain stem 
glioma by an anesthetic block of the 
7th cranial nerve at the stylomastoid 
foramen. 

Facial myokymia is to be distin- 
guished from other involuntary facial 
movements such as hemifacial spasm,’ 
facial contractures,‘ facial synkinesias 
accompanying regeneration of the 7th 
cranial nerve, facial tics, tardive 
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dyskinesias, rhythmic facial contrac- 
tions occurring with palatal myoclo- 
nus, seizures from focal cortical 
lesions, and fasciculations of facial 
muscles with motor neuron disease. 
These distinctions can be made both 
clinically and electrophysiologically. 
The characteristic EMG pattern of 
facial myokymia is one of sponta- 
neous, rhythmic discharges of motor 
units appearing in singles, doubles, or 
groups, with relatively stable frequen- 
cy (between 0.8 and 30 cps). There 
may be two types: continuous, in 
which rhythmic single or double 
discharges of one or a few motor units 
occur at a relatively high frequency, or 
discontinuous, in which rhythmic dis- 
charges of several units in groups 
occur at a relatively lower frequen- 
cy.’ 

In the patient presented in this 
report, facial myokymia was the 
result of a disease process causing 
inflammation and demyelination of 
the facial nerve root’ extrinsic to the 
brain stem. It is possible that there 
were accompanying retrograde 
changes in the cells of the motor 
nucleus to provide depolarization and 
subsequent spontaneous discharges, 
but one might have expected some 
degree of facial weakness if this were 
true. 

Alternately, the peripheral nerve 
root lesion itself may have resulted in 
the myokymia, in a manner similar to 
the instances of myokymia known to 
occur with peripheral nerve lesions.'” 
Wallis et al'' characterized myokymia 
of peripheral nerve origin as being 
multiple, continuous faciculations giv- 
ing the appearance of undulation 
rather than isolated muscle twitches. 
They believed that the myokymia 
represented spontaneous isolated dis- 
charges of individual motor units 
caused by the peripheral nerve lesion. 
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The persistence of myokymia, even 
after spinal anesthesia, supports the 
idea that spontaneous activity origi- 
nated from the peripheral nerves 
themselves, without participation of 
their cell bodies. Williamson and 
Brooke’ agreed with the peripheral 
nerve origin of myokymia, and 
referred to the work of Denny-Brown 
and Foley,'* who showed that repeated 
bursts of action potentials character- 
istic of myokymia could occur in 
normal individuals following the re- 
turn of blood flow to a nerve subjected 
to ischemia for longer than 15 
minutes, 

In an unusual case described by 
Welch et al,‘ both facial and limb 
muscle myokymia developed in a 
young woman. Though the authors do 
not specifically address themselves to 
the mechanisms of the facial move- 
ments, they present evidence of 
segmental demyelination from a sural 
nerve biopsy to substantiate that a 
peripheral nerve lesion was associated 
with the myokymia. They postulated 
the existence of increased excitability 
of the peripheral nerve as the mecha- 
nism for the myokymia, since spinal 
anesthesia did not eliminate the 
abnormal movement in their patient. 
It seems plausible to consider that the 
facial nerve was also affected by the 
segmental demyelination. 

Demyelination is a striking finding 
in patients with the Guillain-Barré 
syndrome, and the finding of facial 
myokymia may reflect the increased 
spontaneous discharges of the facial 
muscles as a consequence of this 
lesion. It may even be that the 
myokymia seen in patients with 
multiple sclerosis or intramedullary 
brain stem lesions can be caused by 
the same peripheral nerve mech- 
anisms, since the 7th cranial nerve has 
a lengthy course through the brain 


stem and secondary changes in 7th- 
nerve fiber could result from the brain 
stem lesion itself. However, it is more 
likely that facial myokymia is a neuro- 
logical sign of increased excitability in 
the facial motor system, beginning 
with the supranuclear pathways to the 
facial nucleus, the neurons of the 
facial nucleus, the axons both within 
and extrinsic to the brain stem, and 
the neuromuscular junction at the 
facial muscles. Lesions anywhere 
along this pathway can result in the 
characteristic involuntary movements 
described as myokymia. 
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Paroxysmal Atrial 
Tachycardia and 
Frontal Lobe Tumor 


Jeffery L. Rush, MD; Bruce A. Everett, MD; Alan H. Adams, MD; John A. Kusske, MD 


èe We describe a patient who experi- 
enced repeated episodes of paroxysmal 
atrial tachycardia. He was found to have 
an epileptogenic focus within the right 
frontal lobe adjacent to a frontal lobe 
glioma. Subsequent to excision of the 
tumor, no further attacks have occurred. 

(Arch Neurol 34:578-580, 1977) 


patient was studied over a five- 

year period because of parox- 
ysmal atrial tachycardia, and was not 
suspected of harboring a cerebral 
neoplasm. It became apparent that a 
convulsive disorder produced the car- 
diac instability when electroencepha- 
lographic telemetry was performed 
coincident with one of the cardiac 
episodes. The neoplasm was even- 
tually found in the white matter of the 
right frontal lobe, extending to the 
orbitofrontal cortex. The bouts of 
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tachycardia stopped after excision of 
the tumor. 


REPORT OF A CASE 


A 49-year-old man entered the hospital 
complaining of attacks of palpitation 
accompanied by dizziness, faintness, and 
anxiety. These spells had increased in 
frequency over a five-year interval from 
one to two per month to as many as three 
per day. Each event, lasting from 30 to 60 
seconds, was similar, and was character- 
ized by rapid heart beat, fear, and facial 
pallor. The patient described the episodes 
as “all the blood is draining out of my 
head.” He was not amnesic for the attacks 
and no loss of consciousness had been 
noted. The spells occurred during wakeful- 
ness and sleep and, if asleep, the patient 
was awakened by them. No tonic-clonic 
movements, incontinence, confusion, head- 
ache, or automatisms were observed. Car- 
diac telemetry was performed in another 
hospital, and with the onset of an attack, a 
45-second run of sinus tachycardia was 
recorded. No other electrocardiographic 
irregularities were noted. 

Our first examination was 5% years 
after the onset of symptoms. The patient 
was alert. Blood pressure was 150/100 mm 
Hg; examination was otherwise normal. 
Results of laboratory studies included 
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Fig 1.—Electroencephalographic tracings obtained with electrodes attached at F3 to P3 
(a), F4 to P4 (b), F7 to T5 (c) and F8 to T6 (d). Muscle artifact is present in recording, but 
onset of autonomic seizure over right side of scalp is noted with a train of spikes followed 
by diffuse 4 to 7-Hz activity and, finally, a return to preictal background appearance. 
Each segment of tracing is separated by six seconds (calibration marks: 1 sec; 20 


uV). 


normal electrocardiograms, skull and chest 
roentgenograms, and static radioisotope 
brain scan. Multiple blood and urine exam- 
inations were normal. An electroencephalo- 
gram revealed mild slowing with intermit- 
tent, low-voltage, sharp waves over the 
right temporal region. Because of the 
paroxysmal nature of the attacks and the 
electroencephalographic abnormality, the 
patient was reevaluated utilizing teleme- 
try. A four-channel montage, with elec- 
trodes attached at F3 to P3, F7 to T5 on the 
left side and F4 to P4, F8 to T6 on the right 
side, was used.' The patient announced to 
several observers that he was experiencing 
one of his spells. He was pale and mildly 
diaphoretic and was tightly gripping his 
chair. His pulse rate was 110 beats per 
minute and regular. No abnormal move- 
ments were detected. The patient re- 
mained fully alert and was not incontinent. 
The tracings that were obtained during the 
spell are shown in Fig 1. Intermittent 
spikes, without definite localizing value, 
are seen just prior to the onset of the 
autonomic seizure. Coincident with and out 
of normal-appearing background activity, 
a train of spikes is seen on the right side of 
the scalp, followed by diffuse, rhythmic, 4 
to 7-Hz activity. After 50 seconds, the 
background activity rather abruptly re- 
turns to its preictal appearance. 
Pneumoencephalography disclosed slight 
dilation of both temporal horns, the right 
greater than the left. A small calcification 
not observed on the plain skull roentgeno- 
grams was noted next to the frontal horn 
of the right lateral ventricle. The spinal 
fluid was clear and colorless, the protein 
level was 32 mg/100 ml, and no blood cells 
were seen. There was a decrease in the 
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frequency and severity of the attacks for 
about six months following the initiation 
of anticonvulsant therapy. Then the sei- 
zures gradually increased in number and 
the patient was reevaluated. Computer- 
assisted tomograms demonstrated a low- 
density lesion in the right frontal region, 
with a focal area of high density (Fig 2). 
An electroencephalogram, done with naso- 
pharyngeal leads, further localized the 
focus of epileptiform activity to the right 
inferior frontal region (Fig 3). Carotid 
angiograms delineated an avascular mass 
lesion in the right frontal region, with 
minimal displacement of the pericallosal 
artery to the left. 

A right frontal craniotomy was per- 
formed. A tough, fibrous tumor deep to the 
superior and middle frontal gyri was 
found. This extended to the orbital cortex, 
approximately 1 cm rostral to the frontal 
pole of the lateral ventricle and to within 2 
to 3 cm of the frontal tip. The lesion was 
easily separated from the surrounding 
white matter and was relatively avascular. 
Histological study revealed numerous 
zones of closely packed oligodendrocytes, 
and peripheral to these areas, an exuberant 
proliferation of astrocytes. These cells 
showed mild to moderate pleomorphism. 
Numerous small ovoid calcifications were 
present in close proximity to the oligoden- 
droglia. These findings are those of a 
mixed glioma. The patient received radi- 
ation therapy (cobaltous chloride Co 60) 
delivered through multiple ports to a total 
dosage of 5,000 rads. Immediately after 
operation, the spells stopped and did not 
recur during the subsequent 24 months. 
Neurological examination was normal af- 
ter operation and remained so 24 months 





Fig 2.—Computerized axial 
demonstrating low-density lesion in right 


tomogram 


frontal region, with a focal area of 
increased density. Minimal distortion of 
right frontal horn is evident. 


postoperatively and nine years after the 
onset of spells. 


COMMENT 


The patterns of seizures generated 
by frontal epileptogenic lesions have 
recently been summarized.’ Six ster- 
eotypes are described. Generalized 
convulsions occasionally associated 
with some sort of lateralizing signs 
occur far more commonly than do 
partial seizures. Seizures arising from 
foci in the frontal lobes may be asso- 
ciated with phenomena usually at- 
tributed to temporal lobe lesions, and 
autonomic disturbances including al- 
terations in cardiac rate have been 
described.*° Isolated cardiac ar- 
rhythmias, in rare instances, have 
been identified as being the primary 
manifestation of seizures originating 
from epileptogenic sites next to fron- 
tal lobe neoplasms.*-'” The networks 
that may be activated by abnormal 
neuronal discharges and leading to 
alterations in heart rate are not 
precisely defined; however, the exper- 
imental data relating to the subject 
have been reviewed.'':"" 

Electrical stimulation of the prosen- 
cephalon in animals and man may 
induce either tachycardia or bradycar- 
dia, and these alterations can occur in 
the absence of pressor effects or 
movement." Bradycardia, elicited by 
cerebral stimulation, appears to be the 
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Fig 3.—Electroencephalogram done with patient awake, with nasopharyngeal leads. 
Record shows a spike followed by a slow wave almost exclusively localized to right 
nasopharyngeal area (NP, to FP.; NP, to T4). There is an associated small, sharp spike 
recorded over right side of scalp (FP, to F8, F8 to T4, T4 to T6, T6 to O2). Small, sharp 
spikes were only abnormalities noted on previous routine recordings (calibration marks: 


1 sec; 20 pV). 


result of vagal excitation, since it is 
obliterated by atropine sulfate admin- 
istration or bilateral vagotomy." 
Tachycardia is not prevented by vago- 
tomy, and seems to be due to excita- 
tion of sympathetic acceleratory cir- 
cuits that arise in the temporal 
lobes.'*° The evidence that tachy- 
cardia may be mediated by pathways 
involving temporohypothalamic and 
temporotegmental networks has been 
discussed elsewhere.’ Stimulation of 
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the posterior part of the hypothal- 
amus has also caused tachycardia." 
Corticofugal projections that arise in 
the orbital cortex and extend to the 
posterior parts of the hypothalamus 
and mesencephalic reticular forma- 
tion have also been demonstrated in 
primates.'*'’ Similar pathways in man 
might provide input from epileptog- 
enic sites in the frontal lobe to those 
areas of the brain demonstrated to 
effect changes in cardiac rate. 





Whatever the mechanism mediat- 
ing the tachycardia may be, this case 
demonstrates the possibility that an 
epileptic focus may be responsible for 
episodic, obscure cardiac complaints. 
The complete resolution of this pa- 
tient’s spells following excision of the 
neoplasm strongly suggests their ori- 
gin from an epileptogenic focus in the 
right frontal lobe. 


Nonproprietary Name and 
Trademark of Drug 


Cobaltous chloride Co 60—Cobatope-60. 
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Letters to the Editor 


Arteriosclerotic Common Iliac 
Aneurysm Causing Sciatic Pain 


To the Editor.—This case is reported to 
remind the neurologist of the associa- 
tion between severe sciatic pain and 
nerve compression from a pelvic aneu- 


rysm. 


Report of a Case.—For three years, a 67- 
year-old, hypertensive man had com- 
plained of throbbing pain in the lower 
lumbar midback region with radiation into 
the right hip, groin, and anterior aspect of 
the right thigh, knee, lateral aspect of the 
calf, and the lateral malleolus. The pain 
would wax and wane throughout the day 
and had been increasing in intensity. 
During the past year, there was some 
weakness of the right leg, but no numbness 
or bladder, or bowel impairment. Sitting 
exacerbated the pain, while walking or 
flexion of the right hip made the pain less 
severe. 

Later, the patient experienced cramping 
pain in both thighs and occasional abdom- 
inal pain. Shortly thereafter, a roentgeno- 
gram of the abdomen showed curvilinear 
calcification pathognomonic for an abdom- 
inal aortic aneurysm. 

Examination disclosed a blood pressure 
of 150/90 mm Hg and a midline pulsatile 
abdominal mass. Both femoral pulses were 
present. The spine was nontender, and 
lumbar lordosis was normal. No tenderness 
was elicited at the sciatic notch. Straight 
leg raising tests were negative. There was 
no Patrick’s sign. Mild weakness of the 
right iliopsoas was suspected. The patient 
limped on the right. The left ankle jerk was 
depressed and the right was absent. Other 
reflexes were hypoactive. There were no 
pathological reflexes, 

Roentgenograms showed osteoarthritis 
of the lumbar spine and mild compression 
of the superior margin of L-1. Osteoar- 
thritis of the right hip was noted. There 
was no appreciable narrowing of the L4-5 
or L5-S1 interspaces. 
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Angiography disclosed a large abdom- 
inal aortic aneurysm and aneurysms of 
both common iliac arteries. After angio- 
graphy there was some relief of pain in the 
hip and groin. 

A large fusiform aneurysm of the lower 
thoracic and abdominal aorta was resected 
and replaced with a bifurcation graft. Two 
aneurysms in the common iliac arteries 
were also resected. No retroperitoneal 
hematoma was seen. 

There was almost immediate and com- 
plete relief of pain in the right leg. Pain in 
the lower part of the back disappeared 
within the next few days. Three months 
later there had been no recurrence of the 
back and leg pain, although some mild, dull 
pain limited to the right hip did return. 


Comment.—The nerve trunks of L-4, 
L-5, S-1, and S-2 lie directly posterior 
to the hypogastric artery and may be 
compressed by an aneurysm of this 
artery or of the common iliac artery, 
which extends into the pelvis. Chap- 
man et al' reported three cases of 
sciatic pain caused by arterial aneu- 
rysms compressing nerve trunks in 
the pelvis. 

Limitation of straight leg raising, 
weakness, reflex changes and sensory 
impairment may accompany the sciat- 
ic pain. Sometimes abrupt in its onset, 
this pain may closely mimic that due 
to a herniated intervertebral disk. For 
two of the cases, relief of the pain 
came after resection of the aneurysm 
and graft replacement. 

Bolton and Blumgart? described a 
68-year-old man with a progressive 
right foot drop attributed to an aneu- 
rysm of the right common iliac artery. 
Kubacz’ reported another symptomat- 
ic patient in whom an aneurysm of the 
internal iliac artery was tightly 
wedged into the hollow of the sacrum, 
over the nerve trunks of L-4, L-5, S-1, 
and 8-2. 

Chronic fusiform atherosclerotic 
aneurysm of the abdominal aorta 


alone can cause pain in the back and 
leg.** Szilagy et al‘ noted the lumbar 
spinal region as the primary site of 
pain in 17 of their 55 patients. 
Barratt-Boyes® reported that of 48 
patients with abdominal aortic aneu- 
rysm, 21 had pain in the lower back, 
and six had pain in the thigh. Savage 
and Gallagher’ reported two cases of 
aortic aneurysm and one of a common 
iliac aneurysm, and all had pain 
referred to the lower limb, but not 
below the knee. However, pain typical 
of sciatic pain was not found in any 
case of abdominal aortic aneurysm 
alone. 

Because this case so closely paral- 
leled those described by Chapman et 
al, and because the pain was alle- 
viated after resection, it is likely that 
the right common iliac artery aneu- 
rysm caused this patient’s sciatica. 
The throbbing quality of the pain sug- 
gested a vascular cause. 

L. A. LEvy, MD 
7510 Fourth Ave 
Brooklyn, NY 
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Calendar and News 


CALENDAR OF MEETINGS 


1977 
Sept 810 Seventh Congress of the European Society of Neuroradiology, Barce- 
lona, Spain 
10 12th Congress of the International League Against Epilepsy and 
Ninth Symposium of the International Bureau for Epilepsy, Interna- 
tional Congress Centre RAI, Amsterdam 
11-16 World Federation of Neurology, llth Congress, International 
Congress Centre RAI, Amsterdam 
30-Oct 1 American Association of Electromyography and Electrodiagnosis, 
24th annual meeting, Salt Lake City 
Oct 68 Sixth annual meeting of the Child Neurology Society, Charlottesville, 
Va 
27-29 Southern EEG Society, annual meeting, Chattanooga, Tenn 
Nov 25 American Academy of Neurological Surgery, annual meeting, Mauna 
Kea Hotel, Hawaii 
30-Dec 1 American Epilepsy Society, annual meeting, The Biltmore Hotel, 


New York 


Clinical Neuro-otolaryngology.—The 
fourth continuing education course in 
clinical neuro-otolaryngology will be 
given at the University of Pittsburgh 
School of Medicine on Nov 17 through 
19, 1977. For further information 
write Sidney N. Busis, MD, Course 
Director, 1022 Scaife Hall, University 
of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261. 


Postgraduate Course in Neuro-oncolo- 
gy.—This course will be held Oct 6 
through 8, 1977, at Memorial Sloan- 
Kettering Cancer Center, New York, 
under the direction of Dr Jerome B. 
Posner. It will review metastatic and 
nonmetastatic neurological complica- 
tions of systemic cancer and primary 
CNS tumors. The diagnosis of these 
disorders in adults and children and 
their treatment by conventional and 
experimental methods will be covered. 
For further information contact Dr 
Jerome B. Posner, 1275 York Ave, 
New York, NY 10021. 


American Academy of Neurology.— 
The following officers were elected at 
the April 1977 meeting of the Acad- 
emy: President, Robert J. Joynt, MD; 
President-Elect, Dewey K. Ziegler, 
MD; First Vice-President, Herbert R. 
Karp, MD; Second Vice-President, 
Arthur K. Asbury, MD; Secretary- 
Treasurer, Melvin Greer, MD; Assis- 
tant Secretary-Treasurer, John P. 
Conomy, MD. 
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The American Association of Neuro- 
logical Surgeons.—The Officers of the 
American Association of Neurological 
Surgeons elected at its most recent 
meeting in Toronto are as follows: 
President, Charles G. Drake; Vice- 
President, John F. Mullan; President- 
Elect, Donald F. Dohn; Secretary, 
Charles E. Brackett, Jr; Treasurer, 
Bryon C. Pevehouse. Next year’s 
meeting will be in New Orleans on 
April 23 through 27, 1978. 


Harvard Neurosurgery Postgraduate 
Course.—This course provides an in- 
tensive review of current concepts and 
techniques of neurological surgery for 
neurosurgeons in clinical practice and 
for those preparing for board exami- 
nations. The course will be held Sept 
26 through 30, 1977, at the Copley 
Plaza Hotel, Boston. Address inquiries 
to Department of Continuing Educa- 
tion, Harvard Medical School, 25 Shat- 
tuck St, Boston, MA 02115. 


Seminar of Florida Society of Neurol- 
ogy.—A three-day academic course on 
current concepts and treatment in 
cerebrovascular disease, aging, and 
Parkinson’s disease will be given, and 
the basis for CNS pacemaker will be 
presented on Oct 6 through 8, 1977, at 
Naples, Fla. Speakers include Drs 
Irving Cooper, Peritz Scheinberg, 
Benjamin Bosches, and Melvin Greer. 
For information contact Dr Allan 


Herskowitz, Suite 302, 155 NW 167th 
St, North Miami Beach, FL 33169. 


Neuromuscular Disorders in Chil- 
dren.—The Southwestern Seminar on 
Neuromuscular Disorders in Children 
will be held at The University of 
Arizona in Tucson on Feb 17 and 18, 
1978. For further information contact 
the Program Director, Lawrence Z. 
Stern, MD, Department of Neurology, 
The University of Arizona Health 
Sciences Center, Tucson, AZ 85724. 


Conference on Brain Death.—The 
New York Academy of Sciences will 
sponsor a multidisciplinary confer- 
ence on brain death under the co- 
chairmanship of Julius Korein, MD, 
and Jack Fein, MD. The conference 
will be on Nov 16 through 18 at the 


Roosevelt Hotel in New York City. 


For further information contact The 
New York Academy of Sciences, 2 E 
63rd St, New York, NY 10021. 


American Academy of Neurological 
Surgery.—The American Academy of 
Neurological Surgery annual meeting 
will be held at the Mauna Kea Hotel, 
Hawaii, on Nov 2 through 5, 1977. For 
further information write Phanor L. 
Perot, Jr, MD, Secretary, 171 Ashley 
Ave, Charleston, SC 29401. 


Epilepsy Research Award.—An Epi- 
lepsy Research Award will be made 
annually by the American Society for 
Pharmacology and Experimental 
Therapeutics. This will be sponsored 


News 


»—. 


by the International League Against 
Epilepsy and supported by Warner- 
Lambert/Parke-Davis. 

Nominations must be received by 
Nov 1, 1977, by the Executive Officer, 
American Society for Pharmacology 
and Experimental Therapeutics, Inc, 
9650 Rockville Pike, Bethesda, MD 
20014. 


Child Neurology Society.—The sixth 
annual meeting of the Child Neurol- 
ogy Society will be held in Charlottes- 
ville, Va, on Oct 6 through 8, 1977. The 
meeting is open to all physicians. 
Registration information and ab- 
stract forms may be obtained from 
the Child Neurology Society Offices, 
Box 486 Mayo, 420 Delaware St SE, 
Minneapolis, MN 55455. 


New Diplomates of the American 
Board of Psychiatry and Neurology.— 
The following were certified by the 
Board after its examination in Kansas 
City, Mo, on June 6 and 7, 1977. 


Neurology 


Ali, Zenab A., MD 
Birmingham, Ala 

Alves, Angelo M., MD 
St Petersburg, Fla 

Bergen, Donna, MD 
Skokie, Ill 

Berger, Victor P., MD 

_ Chicago 

Bertoni, John M., MD 
Ann Arbor, Mich 

Black, Stuart B., MD 
Dallas 

Blicker, lena J., MD 
Glendale, Calif 

Blonsky, Eugene R., MD 
Chicago 

Brady, William A., MD 
Winston-Salem, NC 

_ Brondos, Charles E., MD 
Spokane, Wash 

Buendia, Nicolas, MD 
Baltimore 

Cain, Robert M., MD 
Austin Tex 

Clift, Warren D., MD 
Stockton, Calif 

deJesus, C. P. V., MD 
Orange, Conn 

Dick, Arthur R., MD 
Prairie Village, Kan 

Erkulvrawatr, Samard, MD 
Louisville 

Firemark, Hugh M., MD 
Palos Verdes Estates, Calif 

Foo, Dominic K., MD 
Somerville, Mass 
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Fox, Gary, MD 
Louisville 

Friend, Harold C., MD 
Boca Raton, Fla 

Gerling, Gerard M., MD 
Vero Beach, Fla 

Glassenberg, Myron, MD 
Lincolnwood, II] 

Gretter, Thomas E., MD 
Pepper Pike, Ohio 

Hawley, Rollin J., Jr, MD 
Silver Spring, Md 

Haycook, William M., MD 
Jacksonville, Fla 

Heric, Thomas M., MD 
Santa Monica, Calif 

Jordan, J. Eric, MD 
San Antonio, Tex 

Jose, Cleotilde S., MD 
Beverly Hills, Calif 

Kao, Luke, MD 
Columbia, Md 

Katakia, Madhu, MD 
Rancho Palos Verde, Calif 

Kim, Kyung Sae, MD 
Los Angeles 

Kitano, Hideki, MD 
Birmingham, Miss 

Lahiri, Asok K., MD 
Tarrytown, NY 

Leppik, Ilo, MD 
Golden Valley, Minn 

Levine, Martin D., MD 
Encino, Calif 

Lobas, David M., MD 
Alexandria, Va 

Loyez, Jorge E., MD 
Irvington, NY 

McBeath, Juanita G., MD 
Concord, NH 

Melen, Onur, MD 
Chicago 

Melson, John A., MD 
Medford, Ore 

Norback, Bruce A., MD 
Edina, Minn 

Novom, Steven, MD 
Tarzana, Calif 
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Notes From NINCDS 


NINCDS Conference in Neuroepi- 
demiology.—More than 250 persons 
attended a conference on neurological 
epidemiology sponsored by the 
NINCDS and Georgetown University 
on May 16 and 17, 1977, in Washing- 
ton, DC. Participants stressed the 
usefulness of epidemiological studies 
to clinical neurologists, and the clini- 
cian’s importance as the provider of 
data. 

Thirty-seven papers were presented 
on the neuroepidemiology of acute 
and chronic diseases, data resources, 
allied scientific disciplines, and neuro- 
logical complications of medical dis- 
eases. Information on prevalence, 
incidence, and high-risk groups was 
presented for disorders, including 
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multiple sclerosis, bacterial meningi- 
tis, poliomyelitis, Reye’s and Guillain- 
Barré syndromes, head and spinal 
cord injuries, stroke, epilepsy, head- 
ache, Parkinson’s disease, cerebral 
palsy, communicative disorders, en- 
cephalitis, senile dementia, radiculop- 
athy, primary nervous system neo- 
plasms, congenital defects of the CNS, 
hereditary ataxia, myasthenia gravis, 
and motor neuron disease. 

The proceedings of the conference 
will be published by Raven Press, 1140 
Avenue of the Americas, New York, 
NY 10036. 

Request for Proposal: Pilot Epilepsy 
Study._The NINCDS is interested in 
supporting a pilot study to determine 
the design for a national survey of 
epilepsy. The survey design will 
require the development of various 
sampling frames to identify and esti- 
mate several categories of epilepsy 
patients. 

The objectives of the epilepsy 
survey will be to develop nationwide 
data on incidence, prevalence, social 
and economic costs, treatment modali- 
ties, and physical and intellectual limi- 
tations of this disorder by several 
demographic subgroups. 

The specific research designs will be 
tested via pilot studies in order to 
establish the feasibility of identifying 
individuals in the categories of epilep- 
sy patients who use anticonvulsant 
drugs; those not currently utilizing 
prescriptions for anticonvulsant 
drugs; and undiagnosed persons with 
epilepsy. 

To obtain the Request for Proposal 
(RFP) package write Contracts Man- 
agement Branch, Extramural Activi- 
ties Program, NIH/NINCDS, Federal 
Building, Room 1012, 7550 Wisconsin 
Ave, Bethesda, MD 20014. The closing 
date for receipt of RFP packages is 
tentatively Aug 15, 1977. 

Guillain-Barré Syndrome.—Staff rep- 
resentatives from NINCDS and the 
National Institute of Allergy and 
Infectious Diseases have met several 
times with the Center for Disease 
Control staff in Atlanta concerning 
the reported higher-than-normal ap- 
pearance of Guillain-Barré syndrome 
among persons who received the 
swine flu vaccination. The NINCDS 
has a small research study on the 
problem underway and is planning a 
workshop later this year. 

Bacterial Meningitis Diagnosis.—Dr 
Sydney Ross of the Children’s Hospi- 
tal National Medical Center, Wash- 
ington, DC, an NINCDS grantee, has 
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reported five new methods for rapid, 
accurate diagnosis of bacterial menin- 
gitis. Three of the methods can be 
performed at the patient’s bedside, 
and none takes more than an hour. 
One test using latex agglutination 
takes three minutes and has been 
almost 100% accurate in identifying 
bacterial meningitis. 

Brain Film Wins Awards.—A 30- 
minute film, “The Human Brain: A 
Dynamic View of Its Structure and Its 
Organization,” has won four awards 
at film festivals since its release in 
July 1976. The film, based on research 
supported by NINCDS, the National 
Library of Medicine, and the National 
Science Foundation, is intended pri- 
marily for medical schools and teach- 
ing hospitals, but can also be used at 
college and high school levels. 

A new technique known as cinemor- 
phology is shown, entailing computer 
storage of picture points from 10,000 
formalin-imbedded brain slices (from 
a typical brain), which serve as the 
basis for a variety of displays on a 
video screen. Structures appear as line 
drawings with a three-dimensional 
effect and can be tilted, revolved, and 
tinted. Developer of the technique is 
Dr Robert Livingston of the Univer- 
sity of California, San Diego. 


For further information on any of 
the above subjects write or call 
Carolyn Holstein, NINCDS/OSHR, 
NIH Bldg 31, Room 8A-16, Bethesda, 
MD 20014; telephone (301) 496-5751. 


Folder on Neurological and Communi- 
cative Disorders Available—A Free 
NINCDS folder called Neurological 
and Communicative Disorders: Esti- 
mated Numbers and Cost is available. 
The folder gives unofficial estimates 
of the total cases, mortality, and 
annual cost of care for 20 chronic 
neurological and sensory diseases. 

No formal system exists in the 
United States for collecting statistics 
on neurological disorders. Informa- 
tion in this pamphlet, therefore, was 
compiled from non-NINCDS sources 
such as foundations, textbooks, and 
other reports. (The Institute does have 
surveys underway to document data 
in a number of areas.) 

NINCDS Sponsors National Stroke 
Survey.—The NINCDS is supporting a 
national study to determine the inci- 
dence, prevalence, and cost of stroke. 
Field workers are approaching hospi- 
tals for data on stroke patients. The 
study includes analysis of a national 


sample from 124 general short-term 
hospitals in about 35 regions of the 
continental United States. 

A sample of 3,000 hospital records 
with discharge diagnoses of stroke 
will be abstracted by professional 
medical personnel. The data will 
provide national estimates (by age 
and sex) of the incidence and preva- 
lence of hospitalized patients suffer- 
ing from an acute stroke; measures of 
the functional status of these pa- 
tients; and the economic impact of the 
disease. The study should be com- 
pleted by the end of the year. 

WHO Members Discuss African 
Health Needs.—On March 28 through 
April 3, 1977, the World Health Organ- 
ization (WHO) sponsored workshops 
in Abidjan, Ivory Coast (West Africa) 
on epilepsy, tropical disorders, malnu- 
trition, cerebrovascular disorders, and 
Parkinson’s disease. Eight NINCDS 
staff members, including Director Dr 
Donald B. Tower, attended the meet- 
ing. 

The major problems in Africa’s 
developing countries are stroke and 
hypertension, internal parasites, mal- 
nutrition, social sanctions against epi- 
lepsy, and insufficient immunization 
against measles, polio, diphtheria, and 
tetanus. 

The workshop resulted in recom- 
mendations for (1) education of the 
lay public, training of health workers, 
and more neurological specialists; (2) 
field studies of the prevalence of 
epilepsy in several African countries 
and programs for immunization and 
blood pressure screening and control; 
(3) research on the characteristics of 
drug actions and immune responses in 
noneaucasians and in malnourished or 
parasite-infected persons, and studies 
of drugs and vaccines that will remain 
stable under tropical conditions. 

Stipends Changed for Teacher-Investi- 
gators.-The NINCDS has raised the 
maximum amount of support avail- 
able to its Teacher-Investigators (T-I) 
to $30,000 annually. Support for - 
future teacher-investigators will be 
based on the amount the candidate is 
eligible to receive at the grantee insti- 
tution, but not more than $30,000. 
Current T-I awardees will continue to 
receive stipends determined at the 
time the award was made. 


For further information on any of 
the above subjects write or call Jean- 
nette Belliveau, NINCDS/OSHR, 
NIH Bldg 31, Room 8A-16, Bethesda, 
MD 20014; telephone (301) 496-5751. 
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Dementia is far too complex a subject to be covered com- 
pletely by any one investigator. In this excellent 2nd edi- 
tion, Dr. Wells and his 17 eminent contributors report their 
separate experiences in the diagnosis and treatment of 
dementia. Thus the book offers a scope of findings probably 
unmatched in any other single volume on the subject. In 
addition there are over 1200 references to the literature. 

The first chapter is a scholarly definition of dementia 
in itself well worth reading. In the following eleven chap- 
ters, over 60 possible causes of dementia are extensively 
reviewed from different perspectives. A variety of diag- 
nostic examinations are detailed, including physical, mental, 
neurological, roentenographic, EEG and CAT scan, with a 
number of illuminating illustrations. Beyond that the 
contributors report on symptomatology, pathogenesis and. 
when appropriate, specific treatment therapies. This book 
is a timely and useful compilation of the most advanced 
knowledge on dementia. 
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Vanderbilt University School of Medicine 
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THE MENTAL STATUS 
EXAMINATION IN NEUROLOGY 


by Richard L. Strub, MD and F. William Black, PhD—Foreword by Norman Geschwind, MD 
New book / 176 pages / 27 illustrations / $7.95 (paper) 


Alone among medical texts, this new book deals exclu- 
sively and comprehensively with the mental status exami- 
nation in neurology. It can help the physician determine 
whether emotional or behavioral change is the result of a 
specific organic brain disease or psychiatric impairment. It 
provides a basis for measuring cognitive and emotional defi- 
cits as well as residual strengths. In some cases, the informa- 
tion gained may relate damage to certain regions of the 
brain. Various tests are described in detail—giving sug- 
gested questions along with clinically useful interpretations 
of the probable answers. As a further practical measure, 
there are two helpful appendices: Standard Psychological 
Tests and Composite Mental Status Examination. Concise 
yet thorough, the book is useful for both the busy practi- 
tioner and the student. 
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Pacific Medical Center, San Fran- 
cisco, California, will present its 7th 
annual ENG Workshop and concurrent 
ENG Technician Course in Honolulu, 
Hawaii, on December 2, 3, and 4, 
1977, under the Chairmanship of Dr. 
Charles P. Lebo. The guest faculty 
includes Professor Leonard Jongkees 
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Toronto; Dr. Alfred Coats of Houston; 
Dr. Wallace Rubin of New Orleans; 
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Paul Nieberding of Burlingame; and 
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physician who attends the course 
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for physicians, $200.00 for techni- 
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For further information, please 
contact: Continuing Education, Pa- 
cific Medical Center, P.O. Box 7999, 
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(415) 563-4321, XT 2761. 





Sojourn in the Ozarks 
for sports, scenery 
and CME 






AMA’s Regional CME 


U 
Mhiversity Of bingo. cs ccank cies a 22 
University of Pittsburgh 
School of Medicine 


While every precaution is taken to insure accuracy, we cannot quarantes 
aga inst the possibility ofan occasional changi or omission in thi prepa ration 
of this index. 





POSITION 
NOTICE 
NEUROLOGIST 


Department of Neurosciences 
Peoria School of Medicine 
University of Illinois 
College of Medicine 


The Department of Neurosciences, Peoria 
School of Medicine, University of Illinois 
College of Medicine, is seeking an assistant or 
associate professor. The candidate must have 
a genuine interest in the spectrum of medical 
education as well as in clinical neurology. 
Experience in a neurological subspecialty and 
prior investigation experience is desirable. 
The University of Illinois is an Affirmative 


Tan-Tar-A Golf and 
Tennis Resort 


Osage Beach, Missouri 


Sept. 16-18, 1977 


Write: 

Dept. of Meeting Services 
American Medical Association 
535 N. Dearborn St. 
Chicago, Ill. 60610 


Action—Equal Opportunity Employer and 
encourages applications from members of 
minority groups and women. Closing date for 
applicants is October 1, 1977. Send first 
letters with curriculum vitae to: 


Patrick W. Elwood, M.D., Head 
Department of Neurosciences 
Peoria School of Medicine 

123 S.W. Glendale Avenue 
Peoria, IL 61605 





The one . = 
oral NArCOCIA 
analgesic with ~ 


all these features 


Dilaudid provides dosage 


flexibility: 1 mg, 2 mg, 3mg, 4m 


4 dosage strengths to meet the 
wide range of individual patient 


tolerances 


Dilaudid keeps nausea, 
vomiting and drowsiness to a 
Dilaudid acts rapidly and pain 
is often controlled for more 
than five hours 


Dilaudid allows most patients 
to remain physically active 
and alert TE 


Dilaudid is color coded 
Easy identification 
Easy patient handling 


Dilaudid is a single entity drug 


Description: Dilaudid is hydromorphone, a 
hydrogenated ketone of morphine. 
Indications: For relief of moderate to severe pain. 
Contraindications: Suspected increased 
_ intracranial pressure; status asthmaticus. 
Warnings: May be habit forming with a potential for 
_ addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all 
narcotics, use in early pregnancy only when 
expected benefits outweigh risks. 
Adverse Effects: Nausea, vomiting, diarrhea, 
constipation, anorexia and somnolence may occur 
although unlikely with appropriate dose selection. 
and Administration: Dosage must be 
individualized. The usual adult dose is 2 mg every 


Oral 


Dil 
hydromorphone HCI Œ 


For the moderate to severe 
short-term pain you see every day. 


4-6 hours, as necessary, for moderate to moderately 
severe pain. For more severe pain, 3-4 mg or more 
every 4-6 hours, as necessary, may be required. 
Treatment of Overdosage: If overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to 
respiration and, if depression occurs, it may be 
antagonized by the use of naloxone hydrochloride 
(Narcan*)—Endo, nalorphine hydrochloride 
(Nalline®)—Merck, Sharp & Dohme or levallorphan 
tartrate (Lorfan®)—Roche, as recommended by the 
manufacturer. Other supportive measures should 
be applied when indicated. 

How Supplied: Dilaudid HC! color coded tablets 
(NOT FOR INJECTION) imprinted with K logo on 


udid 


one side and potency on other side as follows: 
green—1 mg; orange—2 mg; pink—3 mg and 
yellow—4 mg. Available in: 1 mg—bottles of 100 
(NDC + 0044-1021-02), 2 mg—bottles of 100 (NDC 
+ 0044-1022-02) and 500 (NDC = 0044-1022-03), 
3 mg—botties of 100 (NDC + 0044-1023-02), 

4 mg—bottles of 100 (NDC = 0044-1024-02) and 
500 (NDC +0044-1024-03). 


l Knoll Pharamaceutical Company 
Whippany, New Jersey 07981 
K ; 


Member Company, Certified Medical 
Representatives Institute, Inc. @ 








Specific vascular changes are 
revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates 
the unilateral surface temperature changes reflective 
of the dilation of deep cerebral arteries during a 
migraine attack. Liquid crystals allow differences 

in skin temperature to be “mapped” directly on the 
subject. Variations in skin heat loss are registered 
immediately, enabling rapid temperature changes to 
be followed easily. (Red reflects the coolest temperature, 
then green, blue, and violet.) 

This picture was taken of a migraine sufferer during an 
attack. The colors over the left eye reflect the cooler 
skin temperature due to the unilateral decreased 

blood flow to the forehead skin vessels that results 
from dilation of cerebral vessels on the affected side. 
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The illusion of weakness 


Learning to live with normal rules 


Early in a course of DANTRIUM therapy, 
patients will often experience subjective 
sensations of weakness. 

There is generally no objective sign of 
this weakness in muscle-strength evalua- 
tions. The feeling is the patient’s transient 
reaction to absence of the spasticity he has 
become accustomed to. 

In essence, the relaxed spindles are no 
longer providing a constant input of excess 
muscle tonus to the brain. Deprived of this 
spastic “background noise?’ the brain mis- 
interprets the relative silence as weakness. 
The brain is working by the same old rules, 
but the muscles have new, more normal ones. 

As soon as the brain learns to live with 
the new rules —to accept the less strident 
sensorimotor input that comes from less 
spastic muscles—the illusion of weakness 
will disappear. In some patients, this 
learning process may take several weeks. 
Then your patient can begin to appreciate 
the increased control over physical activ- 
ities —and over his environment —that 
DANTRIUM can provide as a more normal 
physiologic base for rehabilitation. 





The only direct-acting 
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base for rehabilitation 
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Address medical inquiries to: 
Eaton Laboratories, Medical Department 
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DantriUni (dantrotene sodium) Capsules 25 mg /50 mg/75 mg /100 mg 


Warning 


DANTRIUM (dantrolene sodium) has a potential for 
hepatotoxicity and should not be used in conditions other 
than those recommended. Fatal hepatitis has been 
reported in approximately 0.1 to 0.2% of patients who 
have taken Dantrium for 60 days or longer. Some cases of 
hepatitis were considered to be definitely drug-related, 
whereas others may have been due to other causes. 
Symptomatic hepatitis has been observed in approximately 
0.35 to 0.5% of patients who have taken Dantrium for 

60 days or longer. Liver dysfunction, as evidenced by 
blood chemical abnormalities alone, has been observed 
in approximately 0.7 to 1.0% ofall patients exposed to 


Dantrium for varying periods of time. Risk of hepatic 
injury appears to be greater in females, and in patients 


over 35 years of age. No serious hepatic Asa has yet 
been reported in patients receiving the drug for less than 
60 days, although liver enzyme elevations have occurred. 

Dantrium should be used only in con uneton with 
appropriate monitoring of hepatic function including 
Tapan determination of SGOT or SGPT. /F NO 
OBSERVABLE BENEFIT IS DERIVED FROM THE 
ADMINISTRATION OF DANTRIUM AFTER A TOTAL OF 
45 DAYS, THERAPY SHOULD BE DISCONTINUED. 

The lowest possible effective dose for the individual 
patient should be prescribed. 


Indications: Dantrium is indicated in controlling the manifesta- 
tions of clinical spasticity resulting from serious chronic 
disorders such as spinal cord injury, stroke, cerebral palsy, 
multiple sclerosis. Dantrium is not indicated in the treatment of 
skeletal muscle spasm resulting from rheumatic disorders. A 
decision to continue the administration of Dantrium ona 
long-term basis is justified if introduction of the drug into the 
patient’s regimen: 

Produces a significant reduction in painful and/or disabling 
spasticity such as clonus, or permits a significant reduction in 
the intensity and/or degree of nursing care required or rids the 
patient of an annoying manifestation of spasticity considered 
important by the patient himself. /n view of the potential for liver 
damage in long-term Dantrium use, therapy should be stopped 
if benefits are not evident within 45 days. 

Contraindications: Active hepatic disease, such as acute 
hepatitis and active cirrhosis. Dantrium is also contraindicated 
where spasticity is utilized to sustain upright posture and 

balance in locomotion or whenever spasticity is utilized to obtain 
or maintain increased function. : 

Warnings: It is important to recognize that liver disorders, fatal 
and nonfatal, may occur with Dantrium therapy. 

_ Subclinical or overt hepatitis accompanied by abnormalities 

in liver function tests (SGOT, SGPT) has occurred at varying times 
after initiation of Dantrium noropy. Jaundice, with or without 
fever, may occur, with onset usually between the third and 

twelfth months of therapy. At the start of Dantrium therapy, it is 
desirable to do liver function studies (SGOT, SGPT, alkaline 
phosphatase, total bilirubin) for a baseline or to establish whether 
there is pre-existing liver disease. If baseline liver abnormalities 
exist and are confirmed, there is a clear possibility that the 
potential for Dantrium hepatotoxicity could be enhanced, 
although such a possibility has not yet been established. 

Regular liver function studies (e.g. SGOT or SGPT) should be 
performed on patients taking Dantrium. If such studies reveal 
abnormal values, therapy should generally be discontinued. 
Only where benefits of the drug have been of major importance 
to the patient, should reinitiation or continuation of therapy be 
considered. Some patients have revealed a return to normal 
races oly values in the face of continued therapy while others 

ave not. 

If symptoms compatible with hepatitis, accompanied by 
abnormalities in liver function tests or jaundice appear, 
Dantrium should be discontinued. If caused by Dantrium and 
detected early, the abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was discontinued. 

Dantrium therapy has been reinstituted in a few patients who 
have developed clinical and/or laboratory evidence of Í 
hepatocellular injury. If such reinstitution of therapy is done, it 
should be aanp only in patients who clearly need Dantrium 
and only after other previous symptoms and laboratory 
abnormalities have cleared. The patient should be hospitalized 
and the drug should be restarted in very small and gradually 
increasing doses. Laboratory monitoring should be frequent and 
the drug should be withdrawn immediately if there is any 
indication of recurrent liver involvement. Some patients have 
reacted with unmistakable signs of liver abnormality upon 
administration of a challenge dose, while others have not. 

Dantrium should be used with particular caution in females 
and in patients over 35 years of age in view of apparent greater 
likelihood of drug-induced, potentially fatal, hepatocellular 
disease in these groups. 

Long-term safety and efficacy of Dantrium in humans have not 
been established. Chronic studies in rats, dogs and monkeys at 
dosages greater than 30 mg/kg/day showed growth or weight 
depression and signs of hepatopathy and possible occlusion 
nephropathy, all of which were reversible upon cessation of 
treatment. Sprague-Dawley female rats fed dantrolene sodium 
for 18 months at dosage levels of 15, 30 and 60 mg/kg/day 
showed an increased incidence of benign and malignant 
mammary tumors compared with concurrent controls and, at 
the highest dosage, an increase in the incidence of hepatic 
hgoghangiomas and hepatic angiosarcomas. These effects were 








not seen in 2-¥2 year studies in rats of the Fischer 344 strain or 

in 2 year studies in mice of the HaM/ICR strain. Soe regenrcity 
in humans cannot be fully excluded so that this possible risk o 
chronic administration must be weighed against the benefits 

of the drug (i.e., after a brief trial) for the individual patient. 

Usage in Pregnancy: The safety of Dantrium in women who are 
or who may become pregnant has not been established; hence it 
should be given only when the potential benefits have been 
weighed against possible hazard to mother and child. Dantrium 
should not be used in nursing mothers. 

Usage in Children: The safety of Dantrium in children under the 
age of 5 years has not been established. Because of the pees 
that adverse effects of the drug could become apparent only 
after many years, a benefit-risk consideration of the long-term 
use of Dantrium is particularly important in pediatric patients. 
Drug Interactions: While a definite drug interaction with estrogen 
therapy has not yet been established, caution should be observed 
if the two drugs are to be given concomitantly. Hepatotoxicity 

has occurred more often in women over 35 years of age receiving 
concomitant estrogen therapy. 

Precautions: It should be used with caution in patients with 
impaired pulmonary function, in patients with impaired cardiac 
function due to myocardial disease, and in patients with a history 
of previous liver disease or dysfunction (See Warnings). Also, 
Dantrium may evoke a photosensitivity reaction. Patients should 
be cautioned against driving a motor vehicle or participating in 
hazardous occupations while taking Dantrium. Caution should 
be ee ised in the concomitant administration of tranquilizing 
agents. 

Adverse Reactions: The most frequently occurring side effects 
of Dantrium have been drowsiness, dizziness, weakness, general 
malaise, fatigue, and diarrhea. Other side effects according to 
system are: Gastrointestinal: Constipation, G.I. bleeding, anorexia, 
swallowing difficulty, gastric irritation, abdominal cramps; 
Hepatobiliary: Hepatitis (See Warnings); Neurologic: Speech 
disturbance, seizure, headache, lightheadedness, visual 
disturbance, diplopia, alteration of taste, insomnia; Cardiovascular: 
Tachycardia, erratic blood pressure, phlebitis; Psychiatric: 
Mental depression, mental confusion, increased nervousness; 
Urogenital: Increased urinary frequency, crystalluria, difficult 
erection, urinary incontinence and/or nocturia, difficult 

urination and/or urinary retention; Integumentary: Abnormal 

hair growth, acne-like rash, pruritus, urticaria, eczematoid 
eruption, sweating; Musculoskeletal: Myalgia, backache; 
Respiratory: Feeling of suffocation; Special Senses: Excessive 
tearing; Other: Chills and fever. 

Drowsiness, dizziness, weakness, general malaise and fatigue 
are generally transient, occurring early in treatment and can 
often be obviated by beginning with a lower dose and increasing 
dosage gradually until an optimal regimen is established. 
Diarrhea may be severe and may necessitate temporary with- 
drawal of Dantrium therapy. If diarrhea recurs upon readministra- 
tion of Dantrium, therapy should probably be withdrawn 

ermanently. 
sage: The complete prescribing information on dosage and 
administration should be consulted before initiating therapy. It 
is important that the dosage be titrated and individualized for 
maximum effect. The lowest dose compatible with optimal 
response is recommended. 

In view of the potential for liver damage in long-term Dantrium 
use, therapy should be stopped if benefits are not evident 
within 45 days. 

Adults: Begin therapy with 25 mg once daily; increase to 25 mg 
two, three or four times daily and then by increments of 25 mg up 
to as high as 100 mg two, three, or four times daily if necessary. 
An occasional patient will require up to 200 mg four times daily. 

Each dosage level should be maintained for four to seven days 
to determine the patient's response. The dose should not be 
increased beyond, and may even have to be reduced to, the 
amount at which the patient received maximal benefit without 
adverse effects. 

Children: A similar approach should be utilized, starting with 1.0 
mg/kg of body weight once daily; this is increased to 1.0 mg/kg 
two, three, or four times daily and then by increments of 0.5 mg/kg 
up to as high as 3.0 mg/kg two, three, or four times daily if 
necessary. Doses higher than 100 mg four times daily should not 
be used in children. 

Overdosage: General supportive measures should be employed 
along with immediate gastric lavage. For further information 

see package insert. 

How Supplied: Dantrium is available in: W 25 mg opaque orange 
and light brown capsules (coded “Eaton 030" in black), supplied 
in bottles of 100, 500 and unit dose 100’s; Hi 50 mg opaque 
orange and dark brown capsules (coded “Eaton 031” in white), 
supplied in bottles of 100; W 75 mg opaque orange capsules 
(coded “Eaton 032” in black), supplied in bottles of 100; 

@ 100 mg opaque orange and light brown capsules (coded 
“Eaton 033” in white), supplied in bottles of 100 and unit 

dose 100's. 

For round-the-clock medical consultation on any Eaton 
product, phone Norwich, New York 607-335-2565. 
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NEUROLOGIST, CLINICAL AND RE- 
SEARCH—Opening available for 
clinical neurologist to head Clin- 
ical EEG Lab and to develop 
research program. Appointment 
divided between University of 
Kansas Medical Center and VA 
Hospital, Kansas City, Missouri. 
Academic appointment at Assis- 
tant or Associate Professor level. 
Board certification or eligibility 
required. If interested, please 
contact Barry W. Festoff, M.D., 
Chief, Neurology Service, VA Hos- 
pital, 4801 Linwood Boulevard, 
Kansas City, MO 64128. An equal 
employment opportunity em- 
ployer. 





UNIVERSITY OF NEW MEXICO 





POSTDOCTORAL 
RESEARCH FELLOWSHIP IN 
HUNTINGTON’S DISEASE 


Applications are invited for a one-year 
postdoctoral fellowship in clinical and 
basic research in studies relating to 
problems of Huntington's Disease. Appli- 
cants must have professional degree of 
M.D. or Ph.D. Candidates are welcomed 
whose field of interest is in one of the 
following areas: Preclinical sciences, 
including biochemistry, molecular biol- 
ogy, pathology, or pharmacology, or from 
such clinical specialties as neurology, 
psychiatry, or human genetics. Fellow- 
ship stipend is $13,000. Application 
deadline is December 1, 1977. Awards 
will be announced by March 1, 1978, for 
fellowship to begin July 1, 1978. Send 
resume, references, and proposal to the 
National Huntington's Disease Associa- 
tion, Suite 431, Lakewood Center North 
Building, 14600 Detroit Avenue, Cleve- 
land, Ohio 44107. 











NEUROLOGIST | 


Applicants are invited for a full time posi- > 
tion starting Sept. 1, 1977 in the newly 
created Department of Neurology at the 
University of Massachusetts Medical 
Center, Worcester,MA. The candidate is 
expected to have demonstrated back - 
ground in research productivity, teaching 
and patient care. Special competence in 
clinical neurophysiology will be an 
advantage. The proportion of time 
devoted to teaching, research and patient 
care is negotiable. This position provides 
an ideal opportunity for academic growth 
and input into a developing training 
program with an established group 
practice plan at the Medical Center. 


Applicants should send a curriculum 

vitea and 3 letters of reference to David 
Drachman,M.D.,Chairman, Department 
of Neurology, University of Massachusetts 
Medical Center, 55 Lake Avenue North, 
Worcester, MA. 01605. 


The University of Massachusetts Medical 
Center is an equal opportunity \ 
affirmative action employer. 
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Tuition: $225.00 Resident Tuition: $125.00 upon application ; , U 

by their department head. University of Massachusetts 

University of New Mexico 


Registration is limited. Make check payable to: School of Medicine 


ROCKY MOUNTAIN NEURO-OPHTHALMOLOGY COURSE 
DEPARTMENT OF NEUROLOGY 

2211 LOMAS BLVD., N.E. 

ALBUQUERQUE, NEW MEXICO 87131 
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Veterans Administration Hospital 
While every precaution is taken to insure accuracy, we cannot guarantee 
against the possibility of an occasional change or omission in the preparation 
of this index. 
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AUDITORY EVOKED POTENTIALS. .. 


Stimulate, amplify, average and record them with the 
Nicolet CA-1000 Clinical Signal Averager System 


The CA-1000 is a complete system which provides click, tone and noise masking 
stimulus modules; shielded headphones; a high-gain amplifier; a four-input signal aver- 
aging computer with built-in, selectable filters and artifact rejection capability; an oscil- 
loscope display with numerical readout of amplitude and latency and an X-Y recorder 
for patient records. 

The CA-1000 system is suitable for brainstem evoked responses, middle and long la- 
tency evoked potentials, frequency following responses and electrocochleography. 

Auditory evoked potential measurements aid in the diagnosis of hearing threshold, 
type of hearing loss (conductive or sensorineural), acoustic neuromas, brainstem tu- 
mors, infarcts and demyelinating diseases. 

For more details on the applications of auditory evoked potential measurements 
please see the list of references. For more details on the CA-1000 system or to arrange 
a demonstration please phone or write Nicolet. 

NICOLET 


a INSTRUMENT 
CORPORATION 





“innovators in biomedical instrumentation” 


5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 
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Then why Cylert. for MBD? 


(oemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Elimination of mid-day school dose and need for school 


personnel supervision 


e Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form 


e Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
“Copy of the Cylert Monograph available to Physicians on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


Please see next page for Prescribing Information. 
7083202 R1 
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(pemoline) 
Prescribing Information 


Description: Cylert (pemoline) isa 
central nervous system stimulant. Pemoline 
is structurally dissimilar to the 
amphetamines and methylphenidate. 

It is an oxazolidine compound and is 
chemically identified as 2-amino-5-pheny|-2- 
oxazolin-4-one. 

Pemoline is a white, tasteless, odorless 
powder, relatively insoluble (less than 1 
mg./ml.) in water, chloroform, ether, 
acetone, and benzene; its solubility in 95% 
ethyl alcohol is 2.2 mg./ml. 

Cylert (pemoline) is supplied as tablets for 
oral administration. 


Clinical Pharmacology: Cylert 
(pemoline) has a pharmacological activity 
similar to that of other known central 
nervous system stimulants; however, it has 
minimal sympathomimetic effects. Although 
studies indicate that pemoline may act in 
animals through dopaminergic mechanisms, 
the exact mechanism and site of action of the 
drug in man is not known. 

The serum half-life of pemoline is 
approximately 12 hours. Peak serum levels 
of the drug occur within 2 to 4 hours after 
ingestion of a single dose. Multiple dose 
studies in adults at several dose levels 
indicate that steady state is reached in 
approximately 2 to 3 days. 

Metabolites of pemoline include pemoline 
conjugate, pemoline dione, mandelic acid, 
and unidentified polar compounds. Cylert is 
excreted primarily by the kidneys; 
approximately 75% of an oral dose is 
recovered in the urine within 24 hours. 
Approximately 43% of pemoline is excreted 
unchanged. 

Cylert (pemoline) has a gradual onset of 
action in children with minimal brain 
dysfunction. Using the recommended 
schedule of dosage titration, significant 
clinical benefit may not be evident until the 
third or fourth week of drug administration. 


indications: M/N/MAL BRAIN 
DYSFUNCTION IN CHILDREN —as 
adjunctive therapy to other remedial 
measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The 
cause of minimal brain dysfunction (MBD) 
is unknown. Diagnosis of MBD involves the 
use of medical, psychological, educational, 
and social tools, since no single diagnostic 
test is adequate. 

MBD is characterized by chronic moderate 
to severe hyperactivity, short attention span, 
distractibility, emotional lability, and 
impulsivity. Nonlocalizing (soft) 
neurological signs, learning disability, and 
abnormal EEG may or may not be present. 
The diagnosis of MBD must be based upon a 
complete history and evaluation of the child 
and not solely on the presence of one or 
more of these characteristics. 

Drug treatment is not indicated for all 
children with MBD. In the primary therapy 
of MBD, appropriate educational placement 
is essential and psychosocial intervention is 
generally necessary. When these measures 
alone are insufficient, the decision to 
prescribe stimulant medication will depend 
upon the physician’s assessment of the 
chronicity and severity of the child’s 
symptoms. Stimulants are not intended for 
use in the child who exhibits symptoms 
secondary to environmental factors and/or 
primary psychiatric disorders, including 
psychosis. 
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Contraindications: Cylert (pemoline) is 
contraindicated in patients with known 
hypersensitivity or idiosyncrasy to the drug. 
(See ADVERSE REACTIONS.) 


Warnings: Cylert is not recommended for 
children less than 6 years of age since its 
safety and efficacy in this age group have not 
been established. 

Sufficient data on the safety and the 
efficacy of the long-term use of Cylert in 
children with minimal brain dysfunction are 
not yet available. 

A temporary suppression of the predicted 
growth rate (weight and/or height gain) has 
been reported for children receiving long- 
term stimulant therapy. A definite causal 
relationship between stimulant drugs and 
this finding has not been established. 


Precautions: Liver function tests should 
be performed periodically during therapy 
with Cylert. The drug should be 
discontinued if abnormalities are revealed 
and confirmed by follow-up tests. (See 
ADVERSE REACTIONS regarding reports 
of abnormal liver function tests and 
jaundice.) 

Cylert should be administered with 
caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs 
has not been studied in humans. Patients 
who are receiving Cylert concurrently with 
other drugs, especially drugs with CNS 
activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for 
self-administration in primates. However, 
the pharmacologic similarity of pemoline to 
other psychostimulants with known 
dependence liability suggests that 
psychological and/or physical dependence 
might also occur with Cylert. There have 
been isolated reports of transient psychotic 
symptoms occurring in adults following the 
long-term misuse of excessive oral doses of 
pemoline. Cylert should be given with 
caution to emotionally unstable patients who 
may increase the dosage on their own 
initiative. 

Usage during Pregnancy and Lactation: 
The safety of Cylert (pemoline) for use 
during pregnancy and lactation has not been 
established. 

Fertility, reproduction, and teratology 
studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 
mg./kg./day, had no effect on the fertility of 
male or female rats. The drug, when given to 
pregnant rats (from gestation day 15 through 
weaning) and to rabbits (from gestation days 
6-18) at these same dosage levels, produced 
no teratogenic or embryotoxic effects, and 
had no effect on the viability of the young at 
birth. However, increased incidences of 
stillbirths and cannabilization were observed 
when pemoline was given to rats at these 
dosage levels, beginning 14 days prior to 
conception. 


Adverse Reactions: Insomnia is the 
most frequently reported side effect of 
Cylert; it usually occurs early in therapy, 
prior to an optimum therapeutic response. In 
the majority of cases it is transient in nature 
or responds to a reduction in dosage. 

Anorexia with weight loss may occur 
during the first weeks of therapy. In the 
majority of cases it is transient in nature, 
weight gain usually resumes within three to 
six months. 


Stomach ache, skin rashes, increased 
irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and 
hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum 
LDH have occurred in patients taking 
Cylert, usually after several months of 
therapy. These effects appear to be 
reversible upon withdrawal of the drug, and 
are thought to be manifestations of a delayed 
hypersensitivity reaction. There have also 
been a few reports of jaundice occurring in 
patients taking Cylert; a causal relationship 
between the drug and this clinical finding has 
not been established. 

There have been reports of dyskinetic 
movements of the lips, face, and extremities 
occurring with the use of Cylert. Convulsive 
seizures have also been reported. A definite 
causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early 
during the course of treatment with Cylert 
often remit with continuing therapy. If 
adverse reactions are of a significant or 
protracted nature, dosage should be reduced 
or the drug discontinued. 


Overdosage: Signs and symptoms of 
acute Cylert overdosage may include 
agitation, restlessness, hallucinations, 
tachycardia. The treatment for an acute 
overdosage of pemoline is essentially the 
same as that for an overdosage of any CNS 
stimulant. Management is primarily 
symptomatic and may include induction of 
emesis or gastric lavage, sedation, and other 
appropriate supportive measures. 

Results of preliminary studies in dogs 
indicate that extracorporeal hemodialysis 
may be useful in the management of Cylert 
overdosage; forced diuresis and peritoneal 
dialysis appear to be of little value. 


Dosage and Administration: Cylert 
(pemoline) is administered as a single oral 
dose each morning. 

The recommended starting dose is 37.5 
mg./day. This daily dose should be gradually 
increased by 18.75 mg. at one week intervals 
until the desired clinical response is 
obtained. The effective daily dose for most 
patients will range from 56.25 to 75 mg. The 
maximum recommended daily dose of 
pemoline is 112.5 mg. 

Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth week 
of drug administration. Drug administration 
should be interrupted occasionally (once or 
twice a year) to determine if behavioral 
symptoms are sufficient to require continued 
therapy. 


How Supplied: Cylert (pemoline) is 
supplied as monogrammed, grooved tablets 
in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in 
bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles 
of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles of 
100 (NDC 0074-6073-13) 

Cylert Chewable is supplied as mono- 
grammed, grooved tablets in one dosage 
strength: 

37.5 mg. tablets (orange-colored) 
in bottles of 100 (NDC 0074-6088-1 3) 
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THE UNIVERSITY OF MANITOBA 


ey 
U M and the 


DIRECTOR OF CLINICAL NEUROPHYSIOLOGY 


This position is open to males and females. 


ELECTRONYSTAGMOGRAPHY 
WORKSHOP 


Pacific Medical Center, San Fran- 
cisco, California, will present its 7th 
annual ENG Workshop and concurrent 
ENG Technician Course in Honolulu, 
Hawaii, on December 2, 3, and 4, 
1977, under the Chairmanship of Dr. 
Charles P. Lebo. The guest faculty 
includes Professor Leonard Jongkees 
from Holland; Dr. Hugh Barber of 
Toronto; Dr. Alfred Coats of Houston; 
Dr. Wallace Rubin of New Orleans; 
Drs. Richard Goode, F. Blair Simmons 
and Mansfield Smith of Stanford; Dr. 
Paul Nieberding of Burlingame; and 
Dr. Maert Kilk of San Francisco. Each 
physician who attends the course 
may submit an application for one 
technician. Registration fee: $395.00 
for physicians, $200.00 for techni- 
cians. SPECIAL TRAVEL RATES AVAIL- 
ABLE. 

For further information, please 
contact: Continuing Education, Pa- 
cific Medical Center, P.0. Box 7999, 
San Francisco, California 94120. Tel. 
(415) 563-4321, XT 2761. 
































HEALTH SCIENCES CENTRE 
WINNIPEG, MANITOBA 


requires a 





The position is University and Hospital based and involves service, teach- 
ing, and research in EEG and EMG. 


The successful applicant may have as much clinical involvement as de- 
sired and the right to recruit further professional assistance. 


Reply with curriculum vitae to: 


Dr. R. T. Ross 
Head, Section of Neurology 
GF-542 
Health Sciences Centre 
700 William Avenue 
Winnipeg, Manitoba 
R3E 023 
Canada 





for the part-time 
occupational physician... 


an inva luable 


quick 
reference 


suide to 
occupational 
dermatoses 


The AMA’s new guide, Occupational Dermatoses, is an in- 
valuable aid for physicians working part-time in occupa- 
tional health programs. 

It provides a ready reference for specific information 

on the causes, diagnosis, prevention, and treatment of American Medical Association 
occupational skin diseases. It also discusses management 

of prolonged and recurrent dermatoses, medico-legal aspects, 
» and provides extensive references. 
To order your copy ($1 ea.) of Occupational Dermatoses, 

OP-108, write: Order Dept., American Medical Association, 
535 N. Dearborn St., Chicago, Ill. 60610. 


OCCUPATIONAL DERMATOSES 
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The company who brought you 
the first solid-state EEG now offers 
these other firsts in The Mark Ill. 


e Servo-Pen — with the most accurate signal re- 
production available today. 

e Touch and go mobility — the lightest weight 
EEG system. 

è Balance Run — automatically checks all chan- 
nels through built-in test wave. 

e Easy-Dial operation. So easy, you have to try it 
to believe it. 


e Built-in Impedance Meter — permits impedance 
check at control panel, without moving to patient. 


When we designed the Mark III we weren't trying to 
be first in anything. It just worked out that way 
when we built into it all those things we knew you 
wanted. 

That’s why our Servo-Pen System sets a new high 
in fidelity of recording. It's the only pen that can 
sweep over 40mm without distortion. 

The ease of operation shows up in features such as 
Preselector Override. This lets you override the 
preselected program on any channel, with the 
mere flip of a switch. Then there’s Balance Run. At 
the push of a button it simulates a brain-wave 
signal that lets you check on the 
recording accuracy of all channels. 
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Other important features include super-sensitivity; 
low noise: modular construction — for minimum 
downtime; diminutive size and lightness in weight 
— the complete system weighs only 65 Ibs! 
These are but a few of the many reasons why we 
believe you'll find the Mark Ill the most reliable and 
satisfying EEG system. For all the facts, phone or 
mail coupon below. 


Box 542, Skippack, PA 19474 e Phone 800-523-1946 
In Pennsylvania phone (215) 584-6825 
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Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 

Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 

Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 cm (8!2 x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 

Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 

Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author, (2) title, (3) journal name (as abbreviated in Jndex 
Medicus), (4) volume number, (5) inclusive page numbers, 
and (6) year, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, 
and (7) year. Volume and edition numbers, specific pages, 
and name of translator should be included when appro- 
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priate. The author is responsible for the accuracy and 
completeness of the references and for their correct text 
citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (85 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(812 x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 
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Synerview™ by Picker now enables you to view 
consistently high quality images with reliability 
in computed tomography. 

Synerview is a complete CT system providing 
visualization of head and body cross-sections. 
Using the proven translate/rotate scanning 
principle, it is designed to provide the most 
desirable cost/benefit relationship. 

Some outstanding viewing features 
include, black-and-white image viewing of 
gray-scale display, color image viewing of 
color-spectrum display, interactive keyboard 
for display control and image selection, 
function switches for special image ma- 
nipulations, horizontal/vertical cursor 
manipulation control and much more. 

Some overall Synerview highlights in- 
clude preselected patient protocols, three 


Discover the human resources in Pickersynergy 








Synerviews. 





p) 


field sizes, variable scan speed up to a minimum 
of 18 seconds, 30-second scan processing time, 
high-resolution data acquisition matrices, 
imaging stacking, side-by-side images and in- 
house architectural planning. 

In all, Synerview is a Picker corporate commit- 
ment to manufacture, supply and service diag- 
nostic visualization systems second to none. 

This is another example of Pickers unique} 
human resources benefiting you. Its a result 
of our expertise in the diagnostic modalities 
of Computed Tomography, X-ray, Ultra- 

sound, Nuclear, Clinical Laboratory, 
. Therapy, Film Systems and Supplies. Only 
Picker has all these resources. 

Contact your local Picker representative. 
Or write Picker Corporation, 595 Miner 
Road, Cleveland, OH 44143. 


PICKER 


ONE OF THE C.T. COMPANIES 


. Contrast enhanced metastasis. 
1.6 RADS. > Ro 5 ) \o 
30Sec. 3.4RADS. 
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Abdominal slice visualizing pancreas. 
I5 Sec: 4.2RADS. 


Supraorbitomeatal plane demonstrating the Normal abdominal section. 
18 Sec. 4.2 RADS. 


Contrast enhanced lymph nodes: 
Pentagon. 30 Sec. 3.4 RADS. 


lymphoma. 30 Sec. 6.3 RADS. 


Metastasis. Contrast filled bladder and femoral heads. Contrast enhanced tentorial margin; metastasis. 
30 Sec. 3.4 RADS. 30 Sec. 6.3 RADS. 30 Sec. 3.4 RADS. 











Normal pancreas and SMA. 


Retroperitoneal structures. Pelvic vessels and nodes. 
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TOPICS IN CHILD NEUROLOGY 


Fdited by Michael E. Blaw, M.D., Isabelle Rapin, M.D., and 
Marcel Kinsbourne, B.M., B.Ch., D.M. Internationally-accluimed 
neurologists from four continents offer compelling analyses of 
neonatal neurology, temporal lobe seizures in childhood, language 
and attention in learning disabilities, behavior disorders in child- 
hood and their treatment. Plus: Sven Brandt on the parentage of 
child neurology and Henri Gastaut on the Lennox-Gastaut Syn- 
drome. All phases of treatment, from diagnosis, behavior, sur- 
gery and pharmacokinetics through the use of this information 
to determine biological predictors, are discussed in detail. 
1977 xii + 343pp.., illus. $25.00 


PATHOGENESIS AND TREATMENT 
OF HEADACHE 


Edited hy Otto Appenzeller, M.D., Ph.D. All types of headache 
discussed from several viewpoints, including ENT, ophthal- 
mology and neurosurgery. Both the art of treatment and the 
scientific basis of therapy are considered in such contributions 
as: An Approach to the Patient with Headache (Friedman), 
Psychogenic Headache and its Treatment, Including Biofeedback 
Techniques (Diamond); Neurosurgical Aspects of Head Pain 
(Walker); Migraine (Friedman); Cluster Headache (Graham); 
Headaches in Children (Atkinson); Disorders of Immune Me- 
chanisms and Headache (Dalessio) 
current knowledge. 


1976 


An up-to-date review of 


x + 217pp.., illus. $18.00 


NONINVASIVE MEASUREMENT 

OF REGIONAL CEREBRAL 

BLOOD FLOW IN MAN 

By Vinod D. Deshmukh, M.D., and John Stirling Meyer, M.D. 
Contents: Cerebrovascular Anatomy in Relation to Measure- 
ments of rCBF. Historical Considerations of the Development of 
the Noninvasive Measurements of rCBF. Preparation, Handling 
and Disposal of Radioactive Xenon Gases (LeBlanc, Johnson), 
Description of the Baylor System for Noninvasive Measurement 
of rCBF and Blood Volume. Normal Values tor the Baylor 
Noninvasive rCBF System in Healthy Volunteers. Physiological 
and Pharmacological Considerations in Measuring rCBF. Clinical 
Applications of Noninvasive rCBF Measurements. Procedure 
Manual for Operation of the Baylor Noninvasive rCBF System. 
1977 approx. 250pp., illus. $20.00 


NARCOLEPSY 


Advances in Sleep Research, Vol. 3 

Edited by Christian Guilleminault, M.D., William C. Dement, 
M.D., Ph.D., and Pierre Passouant, M.D. Among the broad areas 
treated in this comprehensive monograph are: clinical symp- 
toms; clinical evolution and socio-economic impact; clinical 
associations with narcolepsy; genetics, differential diagnoses and 
pathophysiology of narcolepsy; pharmacological and thera- 
peutic approaches. “‘...a thorough review of the current state 
of our knowledge of the syndrome’—Am J Psychiatry 


1976 xx + 689pp., illus. $40.00 


BOOKS IN NEUROLOGY AND RELATED DISCIPLINES 


AGING AND DEMENTIA 


Fdited by W. Lynn Smith, Ph.D., and Marcel Kinsbourne, D.M. 
Contents: Dementia of Old Age (Wang): Morphological Changes 
und Dementia in Old Age (Tomlinson); The Radiographic 
Morphology of Cerebral Atrophy (Pear); Vascular Disease and 
Dementia in the FIderly (O'Brien); Transmissible Virus Demen- 
lia: The Relation of Transmissible Spongiform I ncephalopathy 
to Creutzteldt Jakob Disease (Traub, Gajdusek, Gibbs, Jr.); 
Intellect and Personality in the Aged (Savage); Cognition in 
Dementia Presenilis (award); Future Perspectives in Aging and 
Dementia (Vay); Cognitive Decline with Advancing Age: An 
Interpretation (Ainshourne). 


1977 xii + 244pp.., illus. $15.00 


DEPRESSION AND SCHIZOPHRENIA: 


A Contribution on their 
Chemical Pathologies 


Bv H.M. van Praag, M.D., Ph.D. The focus is on the interrela- 
tions between disturbed cerebral function and disturbed be- 
havior. Dr. van Praag puts forth hypotheses which, although 
largely derived from animal experiments, can now be clinically 
tested. The book summarizes and weighs the merits of work 
done in the last 15 years concerning the relationship between 
disturbed behavior and monoamines. Separate sections deal with 
the diagnosis of depression and of schizophrenia, and with the 
Significance of central monoamine metabolism in these syn- 
dromes’ occurrence. Intended for those interested in the bio- 
logical determinants of and treatment methods for disturbed 
human behavior. 


1977 


xiv + 260pp.., illus. $20.00 


BIOLOGICAL BASES 
OF PSYCHIATRIC DISORDERS 


Edited by Alan Frazer, Ph.D., and Andrew Winokur, M.D., Ph.D. 
An interdisciplinary venture into the mind and the sources of its 
disorders, this text explores the intricate relationship between 
the brain as a biological entity and human behavior. Integrating 
contributions from anatomy, biology, pharmacology, physi- 
ology, neuroendocrinology, genetics, psychology and psychiatry, 
it illustrates the fruitful partnership of basic and clinical investi- 
gations in solving practical problems and in framing fundamental 
questions. Based on a carefully planned biological background, it 
deals with substantive issues in the major behavior disorders. 
1977 xii + 286pp., illus. (7a 10") $15.00 


AUTISM: 


Diagnosis, Current Research 
and Management 

Edited by Edward R. Ritvo, M.D. This book explores such as- 
pects of autism as neurophysiology, neurobiochemistry, psycho- 
pharmacology, linguistics, behavior therapy, genetics and educa- 
tion. “Respected experts... have presented a comprehensive 
Am J Psychiatry 
xvi + 302pp.., illus. 


yet succinct overview” 


1976 $16.95 


Please send me the titles checked below: 

( ) Topics in Child Neurology (021-4) 

( ) Pathogenesis and Treatment of Headache (000-1) 

( ) Noninvasive Measurement of Regional Cerebral Blood 
Flow in Man (023-0) 

( ) Narcolepsy (15124-2) 

( ) Aging and Dementia (013-3) 

( ) Depression and Schizophrenia (002-8) 

( ) Biological Bases of Psychiatric Disorders (OF 1-7) 

( ) Autism (15039-4) 


SPECTRUM PUBLICATIONS, INC. 


175-20 Wexford Terrace 


Name 





Address 





City/State/Zip 
Europe, Africa, Middle East: SP Medical & Scientific Books, 


3 Henrietta St., London WC2E 8LU, England. Listed prices 
applicable in U.S. and Canada only. 


Jamaica, New York 11432 


ai 
| 
3 


= 


Special Article 


Conduction in Myelinated, Unmyelinated, 


and Demyelinated Fibers 


Stephen G. Waxman, MD, PhD 


® Conduction in demyelinated axons is 
characterized by decreased conduction 
velocity, temporal dispersion of impulses, 
and conduction failure. It is not possible 
to infer the electrical properties of the 
bared internodal axon membrane in 
demyelinated fibers from observations of 
decreased conduction velocity or conduc- 
tion failure. Cytochemical evidence indi- 
cates that there are, in fact, distinct 
structural differences between nodal and 
internodal regions of the normal axon 
membrane. This conclusion is confirmed 
by freeze-fracture and pharmacological 
studies. A number of approaches to the 
development of effective symptomatic 
therapy in the demyelinating diseases are 
suggested by recent experimental find- 
ings: determination of the membrane 
properties necessary for conduction 
across focally demyelinated regions and 
the identification of agents that would 
encourage the development of these 
properties; alterations in the external 
milieu of demyelinated fibers; and the 
development of agents that might pro- 
mote remyelination. 

(Arch Neurol 34:585-589, 1977) 
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he past decade has seen a reawak- 

ening of interest in the biology 
and pathophysiology of nerve fibers. 
As part of this development, there has 
been a remarkable expansion of our 
understanding of the physiology of 
the myelinated axon and of the 
demyelinated axon. It is the purpose 
of this report to review some recent 
advances in this area, and, in particu- 
lar, to summarize recent progress in 
understanding the functional archi- 
tecture of the membrane of myeli- 
nated and demyelinated fibers. These 
advances have added substantially to 
our understanding of the pathophysi- 
ology of the demyelinating diseases 
and suggest the possibility of rational 
approaches to symptomatic therapy. 


Effects of Demyelination 
on Conduction 


A number of abnormalities of 
conduction occur in the demyelinated, 
or partially demyelinated, axon: (1) 
Decreased conduction velocity has 
been demonstrated in both peripher- 


Accepted for publication April 6, 1977. 

From the Department of Neurology, Harvard 
Medical School, and the Neurological Unit, Beth 
Israel Hospital, Boston; and the Harvard-MIT 
Program in Health Sciences and Technology, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

Reprint requests to the Harvard Neurological 
Unit, Beth Israel Hospital, 330 Brookline Ave, 
Boston, MA 02215 (Dr Waxman). 


al’? and central*’ demyelinated ax- 
ons. Rasminsky and Sears® demon- 
strated internodal conduction times of 
more than 600 usec in demyelinated 
ventral root fibers, compared with 
19.7 psec in control fibers. (2) Tempo- 
ral dispersion of impulses, as a result 
of unequal slowing of conduction in 
the fibers of a given nerve or tract, 
was suggested by Gilliatt and Willi- 
son’ on the basis of their clinical 
observation that nerve action poten- 
tials were reduced or lost in some 
diabetic patients with motor conduc- 
tion velocities close to the lower limit 
of the normal range. They pointed out 
that this could account for the early 
loss of deep tendon reflexes and vibra- 
tion sensibility in these patients. 
McDonald? suggested that loss of 
temporal coherence of activity in 
visual fibers could contribute to the 
diminished critical flicker fusion fre- 
quency in patients with multiple scle- 
rosis. (3) Conduction block has been 
demonstrated in both peripheral"? 
and central‘ demyelinated fibers. In 
general, conduction failure is more 
likely to occur with high-frequency 
impulse trains than with low-frequen- 
cy trains or single impulses.**’ (4) 
Finally, as noted by Davis and 
Schauf,'' demyelinated fibers, in 
which the safety factor approaches a 
value of 1, should be highly susceptible 
to exogenous influences. It has been 
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suggested that these can include 
abnormal ephaptic interactions with 
nearby fibers,” and, in fact, patholog- 
ical transmission of impulses from 
fiber to fiber has been shown in the 
abnormally myelinated nerve roots of 
dystrophic mice." 

What are the cellular substrates for 
the deficits in conduction in demyeli- 
nated fibers? This question is of 
fundamental importance not only for 
an understanding of the pathophysiol- 
ogy of the demyelinating diseases but 
also as a basis for rational approaches 
to symptomatic therapy. One key 
question concerns the properties of 
the internodal axon membrane that is 
under the myelin sheath in the normal 
fiber, but bared in the demyelinated 
fiber. Is this membrane excitable, ie, 
is it capable of sustaining impulse 
activity? If so, does it share the same 
intrinsic membrane properties as the 
membrane at the node of Ranvier, or 
does it resemble the membrane of 
normally unmyelinated fibers, which 


is known to be quite different? 


Does the demyelinated axon mem- 
brane exhibit any plasticity in terms 
of its electrical properties? What are 
the membrane properties that would 
optimize conduction in demyelinated 
fibers, and what agents might encour- 
age the development of these proper- 
ties? 


Membrane Properties 
of Demyelinated Fibers 


It might have been hoped that the 
membrane properties of demyelinated 
axons could be inferred from observa- 
tions of conduction block or decreased 
conduction velocity. This has not 
turned out to be the case. Koles and 
Rasminsky"* showed that, if the inter- 
nodal axon membrane were inexcit- 
able, conduction would be slowed 
along demyelinated fibers and that 
conduction block would occur at com- 
pletely demyelinated internodes. Fig- 
ure 1 shows a computer simulation of 
activity in a fiber totally demyeli- 
nated between nodes 7 and 8, in this 
case under the assumption that the 
bared internodal axon membrane is 
excitable, with the same intrinsic 
properties as the nodal membrane. 
Conduction fails at the site of demye- 
lination, not because of shunting of 
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Fig 1.—Computed action potentials at nodes 1 through 7 for a fiber totally 
demyelinated at internode 7-8. Computational methods and parameters have 
been described by Brill et al. It was assumed that demyelinated internodal axon 
membrane had the same specific membrane properties as nodal membrane. 
Conduction fails at demyelinated region due to impedance mismatch. 





Fig 2.—Organization of membrane of myelinated fiber. Regions of axon membrane that 
exhibit nodal membrane properties are represented by broken lines, while regions of 
axon membrane that exhibit different characteristics are represented by solid lines. 
Properties of internodal axon membrane are not significant at normally myelinated 
internodes (eg, between nodes N, and N.), but are highly relevant to function of 
demyelinated axons (eg, between nodes N, and N,). 
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Fig 3.—Cytochemical differentiation of the axon membrane. Top, Node of Ranvier in rat 
sciatic nerve (arrows) sectioned in the longitudinal plane. Ferric ion-ferrocyanide in 
bound specifically at the nodal axolemma and is not present in internodal regions. A 
indicates axoplasm (x 16,000). Bottom, Another node at higher magnification. Axon 
membrane can be resolved (arrow) and stain can be seen to lie on axoplasmic surface of 
that structure. A indicates axoplasm, and M, terminating myelin loops ( x 40,000). Inset, 
C fibers (C) exposed to similar staining conditions. There is no binding of ferric ion- 
ferrocyanide to C fiber membranes, even in areas where they are directly exposed to 
extracellular milieu (arrow) ( x 26,000) (from Quick and Waxman"). 
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current through inexcitable mem- 
brane, but rather because of the 
impedance mismatch between the 
normally myelinated and demyeli- 
nated regions. As shown in Fig 2, 
conduction may thus fail in the case of 
severe focal demyelination, with ei- 
ther excitable or inexcitable mem- 
brane in the internodal region. On the 
other hand, if the fiber were to be 
totally demyelinated, ie, if there were 
no myelin present along the entire 
fiber, and if the axon membrane had 
nodal characteristics in all regions, 
there would be no impedance mis- 
match, and conduction would proceed 
without block, but with conduction 
velocity decreased to less than 10% of 
that of the normally myelinated fiber. 
Thus, as shown in Fig 2, with either 
excitable or inexcitable membrane in 
the internodal region, conduction 
block would occur at sites of focal 
demyelination, and slowing of impulse 
conduction would occur as a result of 
demyelination. In the fiber repre- 
sented in Fig 2, B, however, conduc- 
tion would proceed, albeit slowly, 
following total demyelination of the 
entire fiber, whereas in the fiber 
represented in Fig 2, A, conduction 
would fail. 

Huxley and Stampfli'’ showed in 
1949 that conduction in normal myeli- 
nated fibers occurs in a saltatory 
manner, ie, that action currents are 
confined to the nonmyelinated portion 
of the axon at the nodes of Ranvier. 
Their experiments did not, however, 
answer the question of whether the 
internodal axon membrane is excit- 
able since, even if it were excitable, it 
might not normally generate action 
potentials because of the overlying 
layer of high-resistance myelin. 

It was not until approximately two 
decades later that Rasminsky and 
Sears® examined conduction at the 
cellular level in demyelinated nerve 
fibers. They studied undissected rat 
ventral root fibers demyelinated with 
diphtheria toxin, using a modification 
of the Huxley-Staémpfli technique for 
measuring longitudinal axonal cur- 
rents. Their results showed marked 
slowing of conduction, with internodal 
conduction times increased to over 600 
usec for some internodes, compared 
with control values of 19.7 + 4.6 usec. 
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There was considerable variation in 
internodal conduction times at succes- 
sive internodes along single fibers. 
Most importantly, they showed that 
impulse conduction remained salta- 
tory to the point of conduction block 
rather than becoming continuous as in 
normal myelinated fibers. 

A number of recent studies have 
more directly addressed the question 
of whether there are structural differ- 
ences between nodal and internodal 
domains of the axon membrane. Cyto- 
chemical studies using the binding of 
ferric ion have shown distinct differ- 
ences in the ion-binding properties of 
the nodal, as compared with the inter- 
nodal, axon membrane (Fig 3). Dense 
binding of the electron-dense ferric 
ion occurs at cytoplasmic surfaces of 
the nodes, but not at the internodes. 
Ferric ion is not bound to the 
membranes of C fibers.'*"® In studies 
on the specialized electrolyte axons in 
the eel Sternarchus, in which there 
are both excitable and inexcitable 
regions of the axon membrane,” 
ferric ion was only bound to the excit- 
able regions, suggesting that the 
binding reaction may provide a mark- 
er for normally excitable nodal mem- 
brane. A second set of studies has 
used the freeze fracture technique. 
Rosenbluth”? examined central nodes 
of Ranvier using this method and 
found an appreciably higher density 
(approximately 1,200/sq p) of outer 
leaflet membrane particles at the 
nodal membrane than in the inter- 
nodes. He speculated that these parti- 
cles may be related to the sodium 
channels. Kristol et al examined the 
specialized Sternarchus axons using 
similar methods and found a higher 
density of outer leaflet membrane 
particles at the normally excitable 
nodes of Ranvier than in the inexcit- 
able nodes, which resembled the inter- 
nodes. 

Ritchie and Rogart** have at- 
tempted to estimate the density of 
sodium channels in mammalian myeli- 
nated fibers from measurements of 
the binding of tritiated saxitoxin to 
rabbit sciatic nerve. Binding to both 
intact nerve and homogenized nerves 
was studied. Their results suggest a 
sodium channel density of approxi- 
mately 10,000/sq » at the nodes of 
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Ranvier, compared with a density of 
less than 25 channels per square 
micron in the axon membrane under 
the myelin in the internodes. Nonner 
et al, using data derived from 
voltage clamp experiments, arrived at 
a value of approximately 5,000 sodium 
channels per square micron at the 
node. In contrast, the density of 
sodium channels in unmyelinated C 
fibers is approximately 110/sq u.” The 
cytochemical, freeze-fracture, and 
pharmacological data summarized in 
the above two paragraphs support the 
generalization that the normal nodal 
axolemma is structurally and physio- 
logically different from the internodal 
axolemma and from the axolemma of 
unmyelinated fibers (Fig 2, A). 

Yet, the conclusion that the inter- 
nodal axon membrane is less capable 
of sustaining impulse conduction than 
the nodal membrane may not apply in 
all situations, and indeed the electrical 
properties of various domains of the 
axon membrane may not be immut- 
able. Bostock and Sears” have recent- 
ly examined conduction in small 
(internodal length < 850 u) demyeli- 
nated ventral root fibers and found a 
number of examples in which the 
internodal membrane was electrically 
excitable and supported continuous 
conduction across a demyelinated in- 
ternode. They correctly pointed out 
that this does not necessarily imply 
that internodal excitability varies 
with fiber size, but could rather reflect 
differences in pathology or geometry 
of small, as compared with large 
myelinated fibers. Rasminsky and 
Kearney” have recently studied con- 
duction in large diameter (5 to 6 u) 
spinal root axons in dystrophic mice, 
which are either bare or invested with 
abnormally thin myelin. Using 
techniques for recording the external 
longitudinal currents, they found that 
adjacent portions of the axon mem- 
brane in these dysmyelinated fibers 
are capable of sustaining both salta- 
tory and continuous conduction. 


Clinical Implications 


What are the implications of these 
findings? It is well known that the 
extent of lesions in multiple sclerosis 
is in many cases far greater than 
would be anticipated from clinical 


observations.” Furthermore, the 
relatively subtle behavioral defects 
seen in mouse mutants deficient of 
myelin” stand in direct contrast to the 
often profound deficits seen in acute 
episodes of clinical demyelination. 
Ritchie and Rogart** have suggested 
that sodium channel density in axonal 
membranes may change over time 
and that, analogous to the spread of 
acetylcholine receptors in denervated 
muscle, there may be a spread of 
sodium channels into the demyeli- 
nated internodal region, so that after 
a time it may support impulse conduc- 
tion. One approach for further studies 
would be the determination, using 
computer simulations, of which mem- 
brane properties would be most likely 
to support conduction across a demye- 
linated region. Having determined 
these properties, one could search for 
agents that would encourage their 
development. 

A somewhat different approach to 
this problem has been taken by those 
who have examined the immediate 
effects of exogenous agents on con- 
duction in demyelinated fibers. It has 
long been known that clinical symp- 
toms in multiple sclerosis worsen with 
increasing body temperature.*** This 
has recently been shown to be due to 
conduction block." Lowering of 
body temperature, however, has not, 
in general, proved useful as a mode of 
therapy. Davis et al and Becker et 
al studied the effect of various 
procedures designed to lower serum 
ionized calcium (intravenous sodium 
bicarbonate, disodium edetate, hyper- 
ventilation, and oral phosphate) on 
visual and oculomotor function in 
patients with multiple sclerosis. Im- 
provement in clinical deficits was 
observed, but it was transient (lasting 
a few minutes to one or two hours) in 
all cases. Thus, this modality of 
therapy has not proved to be of prac- 
tical clinical value to date. Neverthe- 
less, the possibility that alterations in 
the external milieu could favorably 
alter the conduction properties of 
demyelinated axons is an attractive 
one and should be pursued. 

A final approach to symptomatic 
therapy in the demyelinating diseases 
is suggested by the computer simula- 
tions of Koles and Rasminsky,** which 
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indicate that conduction can be facili- 
tated by the presence of myelin 
sheaths as thin as 2.7% of normal 
myelin thickness. This suggests that 
remyelination, even with sheaths 
much thinner than normal, could be 
clinically advantageous. While mor- 
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phological studies indicate that re- 
myelinated myelin segments may be 
inappropriately thin® or short,*!*2 
even these morphologically aberrant 
sheaths may be functionally benefi- 
cial, and it might not be unreasonable 
to search for agents that would 
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Original Contributions 


Isotope Localization of Infarcts in Aphasia 


Andrew Kertesz, MD, FRCP (C); David Lesk, MD, FRCP (C); Patricia McCabe 


è Radionucleide localization of infarcts 
producing aphasia was undertaken in 65 
patients with a scan-test and onset-test 
interval of one month or less. The scans 
were traced on anatomical templates 
without knowledge of the aphasias. Apha- 
sics were classified by their test scores 
according to taxonomic criteria, indepen- 
dently from localization. Scans belonging 
to each clinically distinct group were 
overlapped “blindly.” The results showed 
distinct areas for Broca’s conduction and 
Wernicke’s aphasics along the parasyl- 
vian axis of the lateral templates. Lesions 
of global aphasics covered all these 
areas, while transcorticals were outside of 
them. Lesion size and severity of aphasia 
showed significant correlation. It is con- 
cluded that a brief systematic survey of 
aphasia like ours is useful in predicting 
the anteroposterior location and often the 
depth and extent of lesions. 

(Arch Neurol 34:590-601, 1977) 


he localization of lesions produc- 

ing aphasia in most previous 
studies has depended on necropsy 
findings, operative data, or location of 
posttraumatic skull defects. Such case 
reports are practically impossible to 
compare because the clinical informa- 
tion is extremely variable. The pa- 
tients are often examined with the 
author’s bias in respect to certain 
symptoms, and systematic surveys 
had not been carried out until Pierre 
Marie! began to examine the war 
injured. Unfortunately, skull defects 
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do not accurately reflect the location 
or the depth of the injury. The actual 
brain damage is often at a consid- 
erable distance from the skull. 
Henschen’s? collection of 1,337 pub- 
lished cases of aphasias and related 
disorders with pathological correla- 
tions remains inconclusive because of 
the lack of uniformity of clinical and 
pathological material. The use of cases 
with intracranial tumor for localiza- 
tion has been common because these 
lesions more often come to surgery or 
to autopsy. The effects of edema, 
displacement of structures, and infil- 
tration of neighboring areas not 
obvious to the naked eye, greatly 
diminish the usefulness of this mate- 
rial. The growth of tumors often 
invalidates the careful clinical assess- 
ment because by the time the localiz- 
ing information becomes available, 
the involvement of structures is likely 
to be much more extensive than at the 
time of the testing. Small, slow- 
growing tumors and carefully demon- 
strated surgical excisions are rarely 
encountered exceptions. The work of 
Penfield and Roberts,’ containing the 
results of cortical stimulations and 
excisions, is an important contribu- 
tion. Hecaen and Angelergues,* in a 
study of 214 cases of mostly tumor and 


trauma, considered the localization of 
various symptoms rather than types 
of aphasia. Disorders of fluency and 
articulation were associated foremost 
with Rolandic lesions, while compre- 
hension and naming disturbances 
were associated with temporal le- 
sions. 

Various modern techniques of local- 
ization have been used for correlation 
with neuropsychological symptoms. 
Electroencephalographic localization 
is often criticized for lacking preci- 
sion, and angiography and pneumoen- 
cephalography are of localizing value 
mainly in tumors. Regional cerebral 
blood flow studies have also been 
correlated with various clinical infor- 
mation, although only two-dimension- 
al localization is seen.* The method is 
invasive, difficult to standardize and 
not universally available. 

Radionucleide scanning enabled us 
for the first time to outline cerebral 
lesions with a certain amount of preci- 
sion in aphasic patients whose lan- 
guage was tested at the same time. Its 
value to tumors has been established, 
often giving clear-cut three-dimen- 
sional information. Benson and Pat- 
ten® correlated clinical prediction of 
the location of lesion with the scans of 
27 patients (20 were vascular cases). 


Table 1.—Criteria for Classification 





Repetition 


Naming 


*All numbers are raw scores on the Western Aphasia Battery. 


Isotope Localization—Kertesz et al 


Satisfactory agreement was obtained 
in 20 patients. In another study,’ local- 
ization of lesions in fluent and 
nonfluent aphasics demonstrated a 
clear anterior-posterior dichotomy. 
Kertesz et al* reported preliminary 
observations of localization of lesions 
in aphasia in 65 patients in 1973. 
Sixty-three had isotope scans. Global 
aphasics had large lesions. Nine of 11 
Broca’s aphasics had frontal lesions 
and 12 of 14 Wernicke’s aphasies had 
temporal lesions. Five of the ten 
anomic patients had tumor in the 
parietal lobe. Karis and Horenstein’ 
correlated speech parameters with 
scans in 18 stroke patients. Seven 
patients had decreased fluency and 
comprehension and the center of their 
lesions was posterior to the central 
gyrus. One patient with low fluency 
and high comprehension had a frontal 
lesion, and another with high fluency 
and low comprehension a “perisyl- 
vian” lesion. Mohr” pointed out from 
a computerized tomographic (CT) scan 
study that some large lesions initially 
caused global aphasia that months 
later evolved into Broca’s aphasia. 
Infarcts over Broca’s area often 
produced transient symptoms only.” 
Angiograms, isotope, and CT scans 
were correlated with aphasic impair- 
ment in 14 patients with strokes by 
Yarnell et al. Fluent aphasics had 
posterior-parietal lesions. 

Systematic, objective correlation of 
the isotope localization with clinically 
meaningful varieties of aphasia clas- 
sified by objective methods is still 
lacking. We studied 64 aphasics with 
cerebral infarcts, using a comprehen- 
sive, scorable but practical test of 
language functions and classified 
them according to the test scores. We 
then undertook to localize their lesions 
on the basis of radionucleide brain 
scans to determine the anatomical 
areas corresponding to various types 
of aphasia. 


PATIENTS AND METHODS 
Aphasia Test 


The Western Aphasia Battery (WAB) 
was designed and standardized for re- 
search and clinical use and can be adminis- 
tered within an hour to the ambulant 
patient.'* Severely affected patients may 
take less time. It is constructed to present 
no difficulty for nonaphasic controls. Test- 
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Table 2.—Age, Scan-Test and Onset-Test Interval, and Aphasia Quotient 


Aphasia 


Scan-Test* Onset-Test* Quotient; 


en, 


Age, yr* 


Type of Aphasia X SD X SD X SD x <.60 
Broca’s (N = 14) 55.1 14.9 4.4 3.7 11.5 6.1 319 184 


Anomics (N = 7) 65.7 16.5 2.3 2.4 9.4 6.4 88.8 6.5 

Transcortical 
Sensory (N = 3) eS ‘ee wt am pies Ma 4% aA Hi 
Motor (N = 3) rap AY mae Fe ae ft Pe ash a 
isolation (N = 2) Fo: Aff: ae ia ae a 2g Stas “al 


*F is not significant (P = .01). 
F is significant (P < .01, df = 52, 4). 


ANTERIOR 


POSTERIOR 7 








Fig 1.—Coronal cuts for anterior and posterior templates in focal planes of scans. 


P 


Table 3.—Percentage of Lesions Covering Speech Areas 


% of Lesions Covering 
nnm ">: XK 
Groups Broca’s Area Wernicke’s Area 


Global (N = 12) 100 83 


Broca’s (N = 14) 85 


Conduction (N = 11) 36 
Anomic (N = 7) 28 


Isolation (N = 2) 0 0 
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Fig 2.—Individual lesions of global apha- 
sics on lateral templates. 


retest reliability studies were conducted on 
long-term aphasics."* 

The subtests that seemed to yield most 
information about the differences between 
aphasia were (1) fluency and prosody of 
spontaneous speech elicited by conversa- 
tional questions and description of a 
picture, (2) information content of sponta- 
neous speech, (3) comprehension, tested 
with “yes” and “no” responses, pointing to 
ten categories of items and obeying 
commands of increasing complexity involv- 
ing relational words, (4) repetition of 
words, numbers, and increasingly complex 
sentences, and (5) naming of visually 
presented objects, word fluency, sentence 
completion, and responsive speech. The 
scoring is on a scale of 1 to 10 in the first 
two subtests of spontaneous speech and 1 
to 100 on the rest of the more structured 
subtests. By adding the subscores, we 
obtained the aphasia quotient (AQ), a 
percentage of normal speech functions, as 
described in our previous report." 

Each patient was unequivocally clas- 
sified independently from localizing infor- 
mation according to numerical criteria. 
“Global aphasics” have low fluency and 
poor comprehension; “Broca’s aphasics,” 
low fluency and good comprehension; “con- 
duction aphasics,” good comprehension and 
fluency but poor repetition; “Wernicke’s 
aphasics,” high fluency but poor compre- 
hension and repetition; “transcortical sen- 
sory aphasics,” high fluency and poor 
comprehension but good repetition; “trans- 
cortical motor aphasics,” low fluency but 
good comprehension and repetition; “isola- 
tion aphasics,” do everything poorly except 
repetition, and “anomic aphasics,” do 
everything well except naming (Table 1). 


Patients 


Aphasics from three general and a 
veterans hospital were consecutively exam- 
ined with the WAB. There is a significant 
difference between the stable infarcts and 
the aphasic syndromes caused by it and the 
variable and changing deficit inflicted by 
tumors, arteriovenous malformations, 
aneurysms, and head injuries. For this 
study, we selected only the patients with a 
single infarct who had a positive scan 
within one month of being tested on the 
WAB, the test given within one month 
after the stroke. Sixty-five patients filled 
these strict criteria. Some of these patients 
were observed with subsequent tests, and 
the evolution of their language deficit is 
commented on.** 


Fig 3.—Global aphasics. Anterior tem- 
plate. 


Brain Scans 

The rectilinear isotope scans with tech- 
netium Te 99m were found to be the most 
reliable method of localization. For the 
sake of objectivity, the lesions were traced 
on the films by one of us (D. L.) who did not 
know the patients and was not aware of 
their symptomatology. A transparent tem- 
plate of the left lateral surface of the brain 
was drawn in the manner presented in 
Sobotta’s atlas, and this was fitted on the 
scan by D. L. and the lesions were retraced 
onto these templates. For the anterior and 
posterior scans, the focal planes of the 
radioactivity collimator were determined 
perpendicular to the 15° above horizontal 
elevation of the tubes in the orbitomeatal 
line, and the templates were traced from a 
normal brain, cut coronally according to 
the slant these focal planes were in (Fig 1). 
Although the lateral scans were useful to Fig 4.—Global aphasics. Composite of lesions. 
determine the anterior-posterior extent of 
these lesions, the coronal scans provided a 
measure of their depth. The anterior plane 
connected the tip of the temporal lobe with 
the superior aspect of the precentral convo- 
lution, cutting across Broca’s area (the 
posterior inferior third frontal convolu- 
tion) and the posterior plane 4 em behind 
the anterior template, which was cut across 
the posterior superior first temporal convo- 
lution (Wernicke’s area) and the supramar- 
ginal gyrus. 





Fig 5.—Broca’s aphasics. Lateral template. 


14 15 





RESULTS 


Table 2 shows the number of apha- 
sics, mean age, onset-test interval, 
test-scan interval, and the measure of 
severity (AQ) in each group. Standard 
deviations and F ratios were calcu- 
lated for the population. Analysis of 
variance shows that they are matched 
for age and test-scan and onset-test 
interval, but the groups differ signifi- 
cantly in their severity of aphasia. 

The tracings of individual cases are 
presented in each group in the lateral 
and coronal (AP) views. The indi- 
vidual traces were overlapped on the 
lateral and coronal templates, and the 
overlap area for each group was 
selected on the basis of maximum 
density by the medical illustrator, who 
had no knowledge of the patients or 
the anatomic areas. 


18 ~~ 





Global Aphasics 





This group (N = 12) had large scan 
uptakes some involving most of the 
left hemisphere (Fig 2 through 4). All 
cases without exception involved the 
inferior frontal and superior temporal 
convolution and the Sylvian fissure 








Fig 6.—Broca’s aphasics. Anterior template. 


Fig 7.—Broca’s aphasics. Composite of lesions. 
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between them. The relatively limited, 
more anterior lesions occurred in a 
patient (case 5) who had the best 
comprehension (almost a Broca’s 
aphasic). The coronal tracings simi- 
larly showed extensive lesions, practi- 
cally all involving the basal ganglia as 
well as large areas of cortex and 
subcortical matter (Fig 3). The large 
number of localizable global aphasics 
is not surprising, since the large 
infarcts producing these lesions will 
invariably produce an uptake. 


Broca’s Aphasics 


These patients (N = 14) have a 
smaller and more anteriorly located 
lesion when compared with global 
aphasics (Fig 5 through 7). Broca’s 
aphasia is rather uniform in its clin- 
ical manifestation, with low fluency 
associated with relatively well-pre- 
served comprehension. The common 
area is the third frontal convolution 
and this area is involved in all 
patients, except in one (case 25) where 
the uptake only touches the gyrus. In 
case 20, where the first temporal 
convolution is involved, the patient 
had relatively low comprehension 
scores and could be considered global- 
ly aphasic by some clinicians. His 
uptake was more like the smaller 
lesions in the global group. This is in a 
borderline area between the Broca’s 
and global groups. 


Conduction Aphasics 

This group (N = 11) appeared to 
have lesions primarily between Bro- 
cas and Wernicke’s areas, although 
some appeared right over these areas 
as well (Fig 8 through 10). The 
common area appeared to be the 
superior lip of the Sylvian fissure 
consisting of the inferior ends of the 
precentral, postcentral, inferior parie- 
tal, and supramarginal gyri. Some of 
these lesions were relatively small but 
quite deep, involving much of the 
insular tissue and connecting white 
matter between the frontal and tem- 
poral lobes. The less fluent patients 
(cases 47, 48, 49, 50) in this group had 
more anterior lesions. Those with 
higher fluency scores (cases 40, 42, and 
43) had uptakes situated more posteri- 
orly. The most extensive lesions in 
this group occurred in the right 
hemispheres of two right-handed pa- 
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tients (cases 49 and 50). Bilateral 
speech representation may account 
for their relatively moderate apha- 
sia. 


Wernicke’s Aphasics 


These patients (N = 13) have le- 
sions involving the postrolandic areas 
(Fig 11 through 13). Some are mostly 
parietal, others mostly temporal, but 
all involve the posterior third of the 
superior temporal gyrus to some 
extent. The patient whose temporo- 
occipital lesion was only in the lower 
part of the superior temporal gyrus 
(case 36) had the highest comprehen- 
sion and repetition scores of the 
Wernicke’s group and as such, rep- 
resents a transitional stage between 
this group and anomic aphasia. The 
recovery pattern of Wernicke’s apha- 
sia is towards anomic aphasia in most 
cases and the extent of recovery 
seems to depend on the size of the 
lesion. 


Anomic Aphasics 


Anomic aphasia (N = 7) is noto- 
riously difficult to localize in stroke 
patients in contrast to tumors (Fig 14 
through 16). Anomic patients are less 
disabled than others and less likely to 
have a large uptake on the scan after a 
stroke; the more stable patients with 
localizable lesions had posterior parie- 
tal and temporal lesions that tended to 
spare the superior temporal gyrus but 
not invariably. Broca’s area was 
involved in one patient with transient 
anomia. We collected language data 
on a large number of anomics, but the 
majority of them recovered without 
localizing information. Often, anomic 
aphasia is the endstage for various 
posterior or sensory aphasics, but it 
also appears de novo after mild 
strokes and often in tumors with 
larger lesions. Anomia as a linguistic 
phenomenon is common to almost all 
aphasics and therefore has little if any 
anatomical specificity. 


Transcortical Sensory Aphasics 


Transcortical sensory aphasics 
(N = 3) characterized by fluent 
speech and comprehension difficulty 
but good repetition appear to have 
posterior parietal lesions (Fig 17 
through 19). Cases 58, 59, and 60 have 
predominantly subcortical infarcts. 
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Fig 8.—Conduction aphasics. Lateral template. 


Fig 9—Conduction aphasics. Posterior template. 
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Fig 10.—Conduction aphasics. Composite 
of lesions. 


Transcortical Motor Aphasics 


Transcortical motor aphasia 
(N = 3) seems to involve the prero- 
landie portion of the speech area and 
in case 62, the distribution of the 
anterior cerebral artery (Fig 17 
through 19; cases 61, 62, and 63). 


Isolation Syndrome 


Isolation syndrome (N = 2), a re- 
cently described entity, was seen 
infrequently, but the lesions appear to 
be involving the watershed areas of 
cerebral circulation (Fig 17 through 
19, cases 64 and 65). 


Summary 


The summary of the results on the 
lateral template illustrates the overlap 
areas for each group of aphasics (Fig 
20). The distribution of these along 
the anteroposterior parasylvian axis 
corresponds to the following order: 
Broca’s, conduction, and Wernicke’s 
aphasia. Transcortical lesions overlap 
outside the main “speech areas,” 
except for a small portion that is 
adjacent to Broca’s area. The anterior 
and posterior overlap areas in the 
coronal plane are less well separated 
for each group (Fig 21). It is remark- 
able that the area for global aphasia is 
the only one deep enough to reach the 
basal ganglia. Transcortical overlap 
areas seem to be deep or superior to 
other “speech areas.” 

Finally, we calculated the number 
and percentage of the lesions in each 
group that covered Broca’s and Wer- 
nicke’s areas (Table 3) as defined by 
the overlap technique on the lateral 
template (Fig 20). The criteria was 
defined as more than 75% of Broca’s or 
Wernicke’s overlap area being covered 
by the individual lesion. According to 
this criteria, 85% of the lesions among 
Broca’s aphasics and 69% of the 
lesions of the Wernicke’s group cov- 
ered their respective areas. Global 
aphasics cover both areas of course, 
(12 of 12 aphasics and ten of 12) while 
conduction aphasics seem to have an 
anterior group (four of 11 patients) 
covering Broca’s area and a posterior 
group (four of 11 patients) covering 


Fig 11.—Wernicke’s aphasics. Lateral tem- 
plate. 


Isotope Localization—Kertesz et al 


7 


Wernicke’s area. Only one of seven 
anomics covered Broca’s area and two 
of seven covered Wernicke’s area. 
Transcortical aphasics are few, but 
the transcortical sensory variety (two 
of three patients) seem to have lesions 
near Wernicke’s area and transcor- 
tical motor aphasics (two of three) 
near Broca’s area. Isolation lesions do 
not cover either area. 


COMMENT 


This study attempts to correlate 
systematic examination of aphasics 
with radioisotope scans, which provide 
the best available localizing informa- 
tion for infarcts at the time of testing. 
The variability of the technique and 
the difficulty in transferring the 
images of the isotope uptake to 
anatomical structures limit the localiz- 
ing value of this procedure. The latter 
is a major problem since a centimeter 
difference may mean missing an 
important area. We hope to overcome 
this by standardizing our templates 
and by transferring the lesions onto 
them by an unbiased observer. Head 
and brain sizes are variable and 
adjustments during the process of 
transfer are difficult to make. Even 
though the angulation of the antero- 
posterior tube was to be 15° to the 
orbitomeatal line, variations in this 
angle occur also. Notwithstanding 
these limitations, the results are rath- 
er gratifying in that we were able to 
demonstrate distinct areas for Broca’s 
and Wernicke’s aphasics and to show 
that lesions of global aphasics involve 
both these regions, while conduction 
aphasics have lesions in between. Con- 


duction aphasia appeared less homo- 


geneous clinically on another taxo- 
nomic study" and this may account 
for the bimodal clustering of the 
lesions as well. Some transcortical 
motor aphasics and isolation syn- 
dromes have lesions surrounding 
speech areas. Transcortical sensory 
aphasics have lesions posterior and 
subcortical to the superior temporal 
gyrus. Anomic aphasia remains diffi- 
cult to localize on the basis of these 
data. Lesions are seen anteriorly as 
well as in the more usual posterior 
location. 

Our results seem to differ from that 
of Karis and Horenstein’ to some 
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Fig 12.—Wernicke’s aphasics. Posterior template. 


Fig 13.—Wernicke’s aphasics. Composite of lesions. 
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Fig 14.—Anomic aphasics. Lateral tem- 
plate. 


extent, but some of these differences 
may be in the interpretation of scan 
location only. One of their nonfluent 
cases had a lesion only touching 
Broca’s area on the illustrations. 
However, their drawing of “Broca’s 
area” is slightly more forward and a 
few millimeters difference in posi- 
tioning of the template would have 
covered even that area. The lesion’s 
edge (edema even beyond that) reach- 
ing the physiologically important area 
could have rendered the patient non- 
fluent, even though the center of the 
lesion is posterior to the central sulcus. 
The only true exception was Fig 3, 
which showed lesions far posterior to 
our “speech areas” in a nonfluent 
patient and one wonders about the 
possible nonaphasic causes of de- 
creased fluency. The apparent inter- 
dependency of fluency and compre- 
hension in their study could be an 
artifact of selection of consecutive 
positive scans favoring global patients 
with large uptakes, in contrast to our 
method of selecting consecutive 
aphasic patients, and including their 
scans if an independent observer 
could trace them. This method is more 
likely to net a representative popula- 
tion of aphasics with localizable 
lesions in many of whom fluency and 
comprehension are independent. 
Their scan-test interval was not 
restricted, and since they tested their 
patients at an average of six months 
after the stroke, recovered patients 
with mild aphasia may not have the 
same speech deficit as they would at 
the time of the positive scan, possibly 
accounting for some of the apparent 
discrepancies. 

Positive scan uptakes are usually 
obtained in the first month of the 
stroke restricting our study to the 
early stages of aphasic impairment. 
This allowed us to look at some 
patients who were classified as Bro- 
ca’s aphasics from the first test. 
Mohr’s patients were considered Bro- 
ca’s aphasics months later after recov- 
ering from “total” (global) aphasia.’ 
We have also documented this recov- 


Fig 16.—Anomic aphasics. Composite of 
lesions. 
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ery process in another study, but 
many global aphasics remain the same 
without significant recovery of com- 
prehension. Recovery from Broca’s 
aphasia can be also considerable, but 
this should not obscure the common 
finding of a posterior inferior frontal 
lesion with the initial picture of 
Broca’s aphasia. These clinical entities 
are distinct probably because of the 
variable involvement of structures 
concerned with comprehension. The 
size of the lesion is another obvious 
variable. 

In our preliminary survey of a 
somewhat larger population of apha- 
sics, the correlation between the area 
as measured by a planimeter on the 
lateral uptake and the AQ was found 
to be significant (Pearson r = —0.67 
at 55 df). This is in contrast to other 
studies*'® denying correlation be- 
tween severity and lesion size. This is 
likely related to methodological dif- 
ferences. None of these other studies 
quantified aphasic impairment as we 
have. Outlining aphasia-producing le- 
sions may help to predict recovery as 
well. Large lesions corresponded to 
poorer outcomes in a neuroradiolog- 
ical study using isotope and CT scans 
in strokes." 

The limits of the overlap technique 
are recognized. Often, the more sam- 
ples, the smaller the overlap area, 
even though this does not correspond 
to small lesions in individuals in the 
group. The results should not be inter- 
preted as strict maps but only direc- 
tions. It is possible that a similar 
clinical phenomenon can be observed 
with lesions in somewhat different 
locations. However, if effort is made 
to measure carefully the language 
impairment and improve the tech- 
nique of anatomical confirmation, the 
relationship between structure and 
function will not be as vague as is 
often claimed. Further refinement in 
the classification of patients by mea- 
suring other speech parameters and 
nonverbal performance may provide 
more accurate grouping of patients 
increasing the extent of the overlap 
between the lesions. We hope we can 
apply our method with CT with even 
greater precision in the future. 

A systematic brief survey of apha- 
sic impairment, like ours, is helpful for 
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Fig 17.—Transcortical aphasics. Lateral template. 


Fig 18.—Transcortical aphasics. Posterior template. 





Isotope Localization—Kertesz et al 599 


Fig 20.—Summary of maximum overlap of 


each group on lateral template. 


h 
O 
Q. 
= 
O 
O 
o) 
L- 
” 
© 
<= 
Q 
© 
w 
kri 
c 
O 
O 
2] 
Cc 
oO 
— 
þ- 
| 
mo 
> a 
© 
LL 


ite of lesions. 





VOL : 
“eo = 
we »’ ye 
tLe Fee: : 
eue t 
. . 
wie eX 
TOOLI 
+ <a ef č 
. AT Fe 
E i 
-> >O 
vh s> atata - «Y 





17% 


~ of TOL k a 


DE = 
QU Ap <L 
aE, © 
t7 xX Y e 
raig a | 
Gea Lu x 
<< ai: aZ co 
SW, GJ O O 
v (an = N 
TA =o = 

a = oe 

Lid ma a ad 

a <L H- 





i 3 ee X 


U p 


» 


Hs g ah 


He Vee 





CONDUCTION 


om! 

a = 
co .& 
Cae . Q3 
—i, ~ && 
cS. ., & 





the neurological clinician in predicting 

the anteroposterior location, the ex- 

ANTERIOR tent, and often, the prognosis of the 

lesions. At times, even the nature of 

he the lesions can be suspected from the 

oh clinical performance of the patients 

since strokes tend to produce similar 

aphasic pictures, while tumor and 

trauma lesions are different to some 

extent. Inclusion of various etiologies 

in other localization studies accounts 

for some of the variability of the 
findings. 
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assistance. Cynthia Shewan, PhD, and Sidney 
Peerless, MD, reviewed the manuscript and 
provided helpful comments. 
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Cranial Computerized Tomography 


A Radiologic-Pathologic Correlation 


Albert V. Messina, MD 


_@ One hundred twenty-three patients 
having cranial computerized tomography 
(CT) within two months of death were 
reviewed to determine the accuracy of CT. 
Those patients having scans within two 
weeks of death on the 160-matrix EMI 
head scanner had a false-negative rate of 
11%. Approximately one third of all 
lesions 1 cm or more were not demon- 
strated. Computerized tomography ap- 
pears to be the most sensitive neuroradio- 
logic diagnostic tool, but certainly is not 
infallible. 
(Arch Neurol 34:602-607, 1977) 


his study was undertaken to 

determine the accuracy of com- 
puterized tomography (CT) of the 
head in demonstrating various lesions 
involving the brain and related struc- 
tures. 


MATERIALS AND METHODS 


The autopsy material of the New York 
Hospital-Cornell University Medical Cen- 
ter (NYH-CUMC) and the Memorial-Sloan 
Kettering Cancer Center (MSKCC) was 
carefully examined at weekly neuropathol- 
ogy (“brain-cutting”) conferences at each 
institution and correlated with CT scans at 
the time of brain cutting for a two-year 
period, 1974 through 1975. The findings in 
all patients having antemortem CT exami- 
nations were recorded and photographs of 
appropriate specimens taken. Patients 
were included in this series if they had at 
least one CT scan performed on the EMI 
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head unit at the NYH-CUMC within two 
months of death. The scans had to be of 
diagnostic quality, consisting of a mini- 
mum of four pairs of sections that were 
largely artifact-free. Wherever possible, 
brains were sectioned in the planes corre- 
sponding to the antemortem CT studies.’ 

The patients were arbitrarily divided 
into two groups depending on the time 
relationship of the CT scans and death. The 
first group contained patients who had a 
CT study within 14 days of death; the 
second group, between 15 and 60 days of 
death. Any lesion that reasonably could 
have occurred or significantly expanded 
clinically or neuropathologically between 
the time of scanning and death was elimi- 
nated from the data tabulations. To deter- 
mine accuracy differential between the 
original EMI 80 x 80-matrix display and 
the EMI 160 x 160-matrix modification, 
patients were also divided into these two 
categories. Patients having a scan using 
both were classified only under the later 
160-matrix modification. 


Additional contrast enhancement was 
performed in about 50% of those patients 
studied using the original 80 x 80-matrix 
display and about 80% of those patients 
studied using the 160 x 160-matrix dis- 
play. A bolus injection of 60 to 120 ml (17 to 
34 gm of iodine) iothalamate meglumine 
was given; scanning proceeded immedi- 
ately. (The precise number of patients 
given contrast in the “miss” categories are 
shown in Table 2.) 

A retrospective analysis of the CT scans 
was then performed by the author 
(A.V.M.), who knew the exact location, size, 
and associated gross and histologic find- 
ings in each case. Lesions were arbitrarily 
classified as “significant misses” if they 
measured a minimum of 10 mm in largest 
dimension and were not shown on the CT 
scans directly or indirectly. Multifocal or 
conglomerate lesions were considered as 
single lesions for tabulation purposes if 
they were separated by less than 10 mm. 
Lesions 9 mm or less were not classified as 
“significant misses.” 


Table 1.—Correlation Between Postmortem Examination and Retrospective 
CT Analysis 


No. (%) of Patients (N = 123) 


Complete 











Complete Miss 













160 matrix 
2 wk 2/5 
2mo 2/3 





80 matrix 
2 wk 1/6 


2 mo 0/7 


Partial 


False- 
Positive 


Complete 
Agreement 







Table 2.—Number of Patients Given Contrast Enhancement 











Partial Agreement Total 
8/12 10/17 
11/13 13/16 


23/33 (70%) 


0/6 1/12 
3/10 3/17 
4/29 (14%) 
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Fig 2.—Forty-eight-year-old woman with 
adenocarcinoma of breast (MSKCC). Top, 
Unenhanced (left) and contrast enhance- 
ment (right). Note bony defect from metas- 
tasis in right frontal bone. No evidence.of 
extraosseous involvement. Bottom, Brain 
specimen dural surface. Note 19-mm dural 
extension. On cut section, the metastasis 
had transgressed the dura and arachnoid 
and invaded the cerebral cortex. 


RESULTS 


The findings are shown in Tables 1 
through 4. In the complete miss cate- 
gory (patients whose scans were 
normal or showed only early atrophic 
changes—essentially false-negatives), 
depending on the matrix used and the 
time between scanning and death, 
between 11% and 27% of patients were 
misdiagnosed. The best performance 
overall was by the 160 matrix (11% 
false-negatives). Twenty-seven per- 
cent of patients in the series studied 
with the original 80 x 80 matrix had 
false-negative results. Allowing for 
the small numbers of patients in the 
“time” categories (two weeks and two 
months between scanning and death), 
no statistical difference was observed 
in these groups. 

In the partial agreement category 
(one or more lesions missed but others 
picked up), the percentages were 
remarkably similar. One third of the 
entire group fell into this category. 

In the complete agreement cate- 
gory, the best results (55% agreement) 
were obtained with the 160 x 160 
matrix, the worst (38%) with the 
g0 x 80 matrix. Scan accuracy was 
slightly better the larger the time 
interval between scan and death (43% 
agreement for the two week group VS 
53% for the two month group). 

Table 3 presents the total number of 
lesions in each pathological category 
and the detection accuracy rate. The 
metastasis category accounts for 
about 60% of the total number of 
lesions in this series. There were 47 
patients with at least 143 lesions 
shown by gross examination. Sixty 
lesions (42%) 10 mm or more in 
greatest dimension, the largest mea- 
suring 35 mm, were not identified on 
the CT scans. 

Table 4 shows the accuracy rate of 
the, 80>«80 and the 160 x 160 ma- 


trices». The ‘improvement, although 
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Fig 3.—Six-year-old boy with diffuse 
herpes encephalitis (NYH). Top, CT scans, 
contiguous sections, unenhanced. Con- 
trast enhancement showed no significant 
change. Slight head tilt accounts for 
apparent deformity of left frontal horn. 
Scans were thought to be completely 
normal. Bottom, Brain section, approxi- 
mate level as top figure (right). Left ante- 
rior sylvian defect is artifact. Brain is 
edematous. Note bilateral necrosis of 
basal ganglia and cerebral cortex focally. 


modest, with the 160-matrix modifica- 
tion is obvious. 


CASE ILLUSTRATIONS 


While many lesions produce altera- 
tions in the brain substance or are at 
least slightly different from brain 
tissue density, which allows their 
visualization,? other lesions are so 
similar to brain in density, both 
before and after intravenous contrast 
enhancement, as to be undetectable. 
This “isodensity” may be caused by 
multiple factors such as relatively 
small size, location near dense (eg, 
bone) or lucent (eg, cerebrospinal fluid 
Spaces) areas such that lesions are 
averaged within the slice thickness, 
hypovascularity, slow rate of diffusion 
of contrast across blood-brain barrier, 
observer error, and technical artifact, 
among others. In Fig 1, while several 
lesions are shown, a number of others 
were missed. The intraventricular 
lesions (left frontal horn) were not 
seen even retrospectively with view- 
ing and data manipulation, perhaps 
because of their averaging with cere- 
brospinal fluid and possible lesion 
overlapping two slices. This, however, 
is difficult to evaluate. The cortical] 
lesions had densities equivalent to 
surrounding cortex, produced no ede- 
ma, no mass effect focally because of 
multiplicity, and did not change densi- 
ty following contrast administration — 
a most difficult diagnostic dilemma. 

Similarly, the lesion illustrated in 
Fig 2 appears to have averaged with 
overlying bone and underlying cortex 
and showed no density changes with 
contrast. Had the calvarial lesion not 
been present, no abnormality would 
have been seen and a completely nega- 
tive examination would have been 
reported in the face of severe 
disease. 

Diffuse microscopi 





Arch Neurol—Vol 34, Oct 1977 Computerized Tomogra Messina, 605 \ ! 
a OAR Y): 3 


> 


Fig 4.-Twenty-eight-year-old woman with 
diffuse cerebral vascular malformation 
and progressive multifocal leukoencepha- 
lopathy (MSKCC). Top, CT scans, contig- 
uous sections, right convexity vascular 
malformation increased moderately in 
density. Note right frontal convexity hem- 
orrhagic lesion (open arrows) correspond- 
ing to vascular malformation in center 
figure. Closed arrows indicate basal gan- 
glia malformation thought to be edema on 
antemortem scan. Left malformation ap- 
preciated only in retrospect. Center, Brain 
sections approximately corresponding to 
CT scans. Note resected malformation 
(open arrows) and remaining malforma- 
tion in right putamen and left claustrum 
(solid arrows). Large necrotic lesion in 
right temporal lobe and multiple areas of 
necrosis in white matter were not shown 
on CT scan. Bottom, Brain specimen, 
close-up of right temporal region, 1 cm 
above center figure (right). Note multiple 
demyelinating plaques of progressive mul- 
tifocal leukoencephalopathy (arrowheads) 
present in white matter. 


4 


P 


Ti 
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ease may cause no density changes 
within the brain substance detectable 
by CT. The scans in Fig 3 were 
performed three days antemortem, 
with the patient comatose. No detect- 
able abnormalities were noted before 
or after contrast injection. Postmor- 
tem examination disclosed dissemi- 
nated encephalitis and cerebral ede- 
ma. Since the disease was diffuse, no 
focal mass was evident. 

The vascular malformation with 
hemorrhage in Fig 4 was identifiable 
because of relatively large density 
changes within the brain substance. 
However, most of the plaques of 
progressive multifocal leukoencepha- 
lopathy were of a density too similar 
to the surrounding tissue to be 
resolved and did not change with 
contrast. Since they produced no mass 
displacements, their presence was not 
suspected. 


COMMENT 


The data presented in this brief 
report appear to differ somewhat 
from those in prior communications*" 
where preliminary impressions were 
based on meager pathological mate- 
rial and short-term clinical follow-up. 
It must be emphasized, however, that 
this series represents only a small, 
very selected patient population— 
patients with known cancer (MSKCC), 
usually terminal and most certain to 
have multiple small lesions, and a 
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Table 3.—Number and Percent of Significantly Missed Lesions in Each Disease 
Category 





No. of 
Significant 





Misses Percent 
Infarct I7 10 59 
Glioma 13 0 0 
Abscess 10 4 40 
Hematoma, fresh 10 0 0 
Carcinomatous meningitis 9 0 0 
Meningoencephalitis 6 2 33 
Lymphoma i 5 0 0 
Meningioma 4 1 25 
Hematoma, old 4 4 100 
Subdural hematoma 3 0 
Pituitary adenoma 2 0 
Radionecrosis 1 0 
Pinealoma 1 0 
Colloid cyst 1 0 


m 


Sagittal sinus thrombosis 


Aneurysm 

Vascular malformation 
Leukoencephalopathy (PML) 
Total 234 


— 


oO 


— 


35 


œ 
wo 


Table 4.—Breakdown of Significant Misses by Matrix 


Lesion Total 


80 matrix (N = 48) 
2 wk 


160 matrix (N = 75) 
2 wk 


selected group of referral patients 
(NYH-CUMC and MSKCC) usually 
with difficult diagnostic problems. 
Certainly these might not be repre- 
sentative of a community hospital or 
an outpatient diagnostic facility. 
While the technique is generally 
thought to be superior in accuracy to 
standard procedures,’ it has its 
limitations." Lesions that are iso- 
dense and do not change much in 
density following intravascular con- 
trast administration account for the 
majority of “significant” misses in 
this series. Probably more frequently 
than previously realized, isodense 
lesions may occasionally produce no 
demonstrable reaction or alteration of 
surrounding tissue and no displace- 
ments of recognizable landmarks 
(Figs 1 through 4)—a difficult diag- 
nostic situation. Smaller lesions lo- 


Arch Neurol—Vol 34, Oct 1977 





cated at the skull base or over the high 
convexity (sloping calvaria), thin or 
flat lesions, and subarachnoid or 
cortical nodules produced similar vi- 
sualization difficulties, Many patients 
with multiple lesions showed complex 
changes within the brain substance, 
accounting for inaccuracies in detec- 
tion. The clinical significance of miss- 
ing one lesion if six or seven others 
are found is questionable in any indi- 
vidual case. However, if that one 
missed lesion were the only lesion 
present, then serious clinical conse- 
quences might result. 

While not included in this series, 
lesions of the calvaria and bony struc- 
tures have produced detection prob- 
lems when primary diagnosis was 
from Polaroid display only. Viewing 
data on the television monitor at 
varying window widths and levels is 


critical in diagnosis.‘ 

The method of intravascular con- 
trast enhancement, as well as the time 
interval between injection and scan, 
could also have played a role in diag- 
nostic accuracy. During the period of 
study, only bolus injection-immediate 
scanning was employed. Delayed 
scans at four or more hours or infu- 
sion-delayed scanning may have been 
helpful in improving detection rate. 
This remains to be evaluated. 

This study represents a small series 
and preliminary findings in a very 
important, newly emerging area. We 
hope that other centers will carry on 
similar studies to increase the numer- 
ical total of proved observations to be 
able to make statistically valid conclu- 
sions. 


This investigation was supported in part by 
grant 5-26065 from the National Institutes of 
Health. Neuropathology examinations were per- 
formed at the MSKCC under the direction of 
Norman L. Chernick, MD, or at the N YH-CUMC 
under the direction of Carol K. Petito, MD. 
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Herpes Simplex Encephalitis Treated With 
Vidarabine (Adenine Arabinoside) 


Larry H. Taber, MD; Stephen B. Greenberg, MD; Francisco I. Perez, Ph 


è Vidarabine, an antiviral chemothera- 
peutic agent shown to have in vitro activity 
against the herpes group of viruses, was 
administered to five patients with brain 
biopsy-proved herpes simplex virus en- 
cephalitis. The mortality in this small 
number of patients (one of five or 20%) 
was less than that in most published 
reports of patients receiving other treat- 
ment modalities or no treatment other 
than supportive measures. No apparent 
toxicity was found that was attributable to 
vidarabine. Neuropsychological impair- 
ment of varying degree was noted in four 
surviving patients tested at two months 
after treatment and again 12 to 21 months 
later. Progressive improvement had oc- 
curred in three. 

(Arch Neurol 34:608-610, 1977) 


Ai he mortality from herpes simplex 
encephalitis (HSE) in patients 
with conditions diagnosed by virus 
isolation from the brain is reported to 
be approximately 60% to 80%.’ This 
high mortality has not been appre- 
ciably altered by any therapeutic 
approach.*° Vidarabine, a new antivi- 
ral agent that has in vitro activity 
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against the herpesviruses, is presently 
under evaluation for use in this 
disease. Recent clinical studies have 
reported the in vivo effectiveness of 
vidarabine in disseminated herpes 
zoster virus infections. We shall 
present our experience with five brain 
biopsy-confirmed cases of HSE 
treated with vidarabine. In four of the 
surviving patients, complete neuro- 
psychological evaluations were ob- 
tained after treatment. 


PATIENTS AND METHODS 


Each patient considered for vidarabine 
therapy had a clinical presentation compat- 
ible with the diagnosis of HSE. All had 
CSF examined and EKG and cerebral 
arteriogram performed. Brain biopsies 
were done in each patient; the biopsy spec- 
imen was cultured for herpes simplex 
virus, using human embryonic lung tissue 
culture, and tested for herpes simplex virus 
antigen by indirect immunofluorescence.* 
After obtaining written informed consent 
from the nearest relative, each patient was 
given 15 mg/kg/day of vidarabine by 
intravenous infusion over a 12-hour period 
each day for ten days. In addition to vida- 
rabine therapy, each patient received (1) 
surgical decompression at the time of brain 
biopsy, (2) dexamethasone in large doses 
for several days, and (3) mannitol as 
needed for control of cerebral edema. 
Monitoring of drug toxicity included deter- 
minations of hemoglobin level, hematocrit 
reading, reticulocyte and platelet counts, 
blood cell count with differential, BUN 


D; Robert B. Couch, MD 


level, creatinine level, and liver function. 

Complete neurological examinations and 
a battery of neuropsychological tests were 
individually administered to four of the 
five patients. The first testing was 
performed two months after the acute 
illness and later testing was done 12 to 21 
months after treatment. Neuropsycholog- 
ical tests were designed to evaluate the 
patient’s intellectual and cognitive func- 
tioning, his language and memory abilities, 
and his perceptual motor performance abil- 
ity. Tests included the Wechsler Intelli- 
gence Quotient Scale, the Wechsler Memo- 
ry Scale, the Developmental Test of Visual 
Motor Integration, and the Aphasia 
Screening Test.” Any impairment in IQ, 
memory, language, and perceptual motor 
performance was classified as mild, moder- 
ate, or severe. Classification of intellectual 
impairment (IQ) was as described by 
Wechsler; for the other areas of neuropsy- 
chological impairment, classification was 
as described by Reitan and Davison." 


RESULTS 


The patients ranged in age from 13 
to 59 years and were in good health 
prior to this illness. Four were men 
and one, a girl. Four of the five 
patients had presenting symptoms of 
muscle aches, headache, and fever. 
One patient had a ten-day history of 
headaches and fever followed by the 
sudden onset of seizures. All five 
patients had CSF pleocytosis, in- 
creased protein level, normal glucose 
level, and negative viral and bacterio- 
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40.0 logic CSF cultures. All five patients 
39.4 had abnormal arteriograms that indi- 
38.9 cated either unilateral or bilateral 
378 swelling of the temporal lobe; all 
37.2 patients had diffusely abnormal EEGs 

with a specific focal abnormality. All 


atients had positive indirect immu- 
Dexamethasone p p 









nofluorescence as well as isolation of 

the virus from their brain tissue spec- 
imens. 

f $ A Four of the five patients were 

Comatose Seizures No Spontaneous comatose when vidarabine therapy 

Respiration was instituted, but only one had been 

in coma at the time of admission to 

Brain Biopsy Brain Autopsy the hospital. Four of the five patients 

IFA + treated with vidarabine received the 

TC + TC + full treatment schedule. One patient, a 


58-year-old man, died on the eighth 
day of therapy (Fig 1). An autopsy 

showed a massively edematous brain: 
E WO Sn ae bees gees see herpesvirus was isolated from post- 
mortem brain specimens. The titer of 


virus in a 20% suspension of both the 
Fig 1.—Hospital course of 98-year-old man with herpes simplex encephalitis treated with right and left temporal lobes was 10*:7 
vidarabine. IFA indicates indirect immunofluorescence test for herpes simplex antigen; TCID../ml 
TC, tissue culture isolation. A 





Hospital Day 


as compared to 10% 
TCID,,/ml from the original brain 


Fig 2.—Hospital course of 20-year-old man with herpes simplex encephalitis treated with biopsy specimen of the right temporal 
vidarabine. IFA indicates immunofluorescence test for herpes simplex antigen; TC, lobe. 
tissue culture isolation; Dex, dexamethasone. One of the five patients, a 20-year- 


> 40.0 old man, received two 10-day courses 
=. aos of vidarabine (Fig 2). Although ini- 
S 333 tially improved, this patient had 
= 378 progressive deterioration in his men- 
® 
ome 


37.2 y Discharged / 


Dexamethasone 


Vidarabine, 
15 mg/kg 


tal state and recurrence of fever after 
his first discharge from the hospital. 
A second lumbar puncture revealed 
pleocytosis; a repeat brain biopsy 
specimen was positive by immuno- 










Vidarabine, 
20 mg/kg 





A A 4 A A fluorescence, but the virus was not 

| Left Walking Chorea | Seizure Lethargy isolated in tissue cultures. 
Hemiparesis Dystonia A 13-year-old girl received, inad- 
Brain Biopsy Brain Biopsy vertently, a dosage equivalent to 30 
ip EA mg/kg/day in eight days; the drug 
was stopped at this time. This patient, 
y 17 Days /a i i 1 as well as the other four patients, did 
a s 10 © TS 20: 95 0 5 0 15 .% rai net demonstrate toxicity attributable 


Hospital Day to their vidarabine therapy. 














Degree of Impairment at Degree of Impairment at 
























































2 mo After Treatment 12-21 mo After Treatment 
Patient/ Perceptual Perceptual 
Age, yr IQ Memory Language Motor IQ Memory Language Motor 
Severe (69) Severe Severe Moderate Not tested* 



















2/21 Not tested? At ie Pra Severe (59) Severe Severe Moderate 
3/22 Severe (50) Severe Severe Severe Moderate (77) Moderate Mild Moderate 
4/13 Severe (58) Moderate Moderate Moderate Moderate (76) Mild None Mild 





















*Patient had severe organic brain syndrome. 
+Patient in coma at two months. 
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One of the four surviving patients 
died one year after treatment; the 
cause of death was thought to be 
cardiac decompensation associated 
with severe organic brain syndrome 
and uncontrollable seizures. Three of 
the five patients have survived over 
one year, and all three have varying 
degrees of neurological and/or psy- 
chological impairment. 

Neuropsychological evaluation was 
performed two months and 12 to 21 
months after treatment in the surviv- 
ing patients (Table). Only three of the 
four patients could be observed at two 
months and the degree of impairment 
was moderate to severe in all evalua- 
tion categories. Three patients were 
tested at 12 to 21 months after treat- 
ment. One of the four patients was not 
tested at this time because of severe 
organic brain syndrome. The three 
other patients demonstrated improve- 
ment in neuropsychological perfor- 
mance. The patient with the least 
overall impairment at two months 
(patient 4) showed the most notable 
improvement at 12 to 21 months. This 
patient is now attending school, doing 
regular classwork, and requiring mini- 
mal tutoring in reading. One patient 
(No. 2), with severe impairment at 21 
months, still requires institutional 
care. The patient who received two 
courses of vidarabine (No. 3) is pres- 
ently employed in a clerical position, 
but has mild organic brain syn- 
drome. 

Three of the four patients had overt 
impairment on clinical examination at 
two months. Patient 2 was in coma 
and had a left spastic hemiparesis; 
patient 3 had a moderately severe left 
hemiparesis. Only one of the three 
surviving patients showed a focal 
neurological deficit on clinical exami- 
nation at 12 to 21 months (patient 2). 
He had a mild paresis of his left upper 
extremity and occasionally exhibited 
urinary and fecal incontinence. 
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Computerized axial tomography of 
the brain was performed in the three 
long-term surviving patients. All 
three patients had mild bilateral 
atrophy involving primarily the fron- 
tal and temporal lobes. 


COMMENT 


Four of the five patients with 
confirmed HSE survived more than 12 
months after treatment with vidara- 
bine. In three surviving patients, 
neuropsychological evaluation indi- 
cated progressive improvement over 
the observation period. Two of the 
three patients with improvements are 
functioning in society, but have resid- 


ual intellectual impairment. All of 


these patients were healthy members 
of society who were either working or 
going to school prior to their encepha- 
litis. 

When compared with other cases in 
the literature documented by brain 
biopsy, results in this small series of 
patients suggest that vidarabine ther- 
apy in HSE contributed to survival. 
Supportive of this suggestion is the 
fact that four of our five patients 
were comatose at the time treatment 
was initiated; this particular clinical 
finding has been associated with an 
80% mortality. The more favorable 
response in the two patients who 
received the greater drug dosage 
suggests that alternative dosage 
schedules or use of other forms of the 
drug might lead to a better overall 
response. In this regard, no apparent 
toxicity to vidarabine was detected in 
these five patients. 

Definitive conclusions on efficacy 
of vidarabine in HSE will require 
placebo-controlled studies; neverthe- 
less, considerable reduction in post- 
treatment neurological and psycholog- 
ical sequelae will almost certainly 
require earlier diagnosis. At the pres- 
ent time, the only definitive method 
for djagnosing HSE is by brain biopsy 


demonstration of the virus. A recent 
report has suggested immunofluores- 
cence of spinal fluid cells as a sensitive 
and specific alternative method for 
diagnosis.'' Although in our initial 
report three of four CSF specimens 
were positive when first tested, three 
additional cases have now been tested 
and only one was positive.* Further 
experience with this technique is 
needed before final assessment can be 
made of its usefulness. 


This investigation was supported by grant RR- 
00350-10 from the General Clinical Research 
Center. 

Parke, Davis, and Company, Detroit, provided 
the vidarabine used in this study. The virus 
cultures and immunofluorescence studies were 
performed by the Viral Diagnostic Laboratory of 
the Methodist Hospital, Houston. 
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Adult-Onset Hereditary Ataxia in Scotland 


Arnulf H. Koeppen, MD; Mary B. Hans, MSW; David I. Shepherd, MD, MRCP: Philip V. Best, MB, ChB, FRCPath 


e A systematic search for cases of 
adult-onset hereditary ataxia was con- 
ducted on location in Scotland. The inves- 
tigation resulted in the discovery of eight 
pedigrees with 42 patients of whom 16 
were alive in 1975. Nine patients were 
examined by the authors and recent 
hospital records were available on the 
remaining seven. The clinical features 
were quite variable. In declining order of 
frequency, findings were gait and limb 
ataxia, dysarthria, hyperreflexia, extrapy- 
ramidal motor disturbances, impaired 
vibratory sense, spasticity, defects of 
extraocular movements and nystagmus, 
reflex depression, Babinski signs, im- 
paired joint position sense, muscle weak- 
ness, optic atrophy, and mental abnormal- 
ities. Foot deformity occurred only once. 

Inheritance was compatible with auto- 
somal dominant transmission, but compli- 
cated by consanguinity in two families. 
The minimum prevalence was calculated 
as 0.31/100,000. Autopsy in two members 
in one family revealed olivopontocere- 
bellar degeneration. 

(Arch Neurol 34:611-618, 1977) 
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he classification of adult-onset 
hereditary ataxia in the spec- 
trum of all forms of spinocerebellar 
degeneration is not satisfactory. 
Most investigators have accepted that 
many cases cannot be placed into a 
single category. The age at onset 
alone may not be suitable for classifi- 
cation, but relates to the natural 
history of the disease. Bell and Car- 
michael‘ charted the number of cases 
in 319 families by age at onset. There 
were 275 affected persons who devel- 
oped symptoms after the age of 20 
years. Clinical manifestations could 
not be categorized into specific age 
brackets. A strong preponderance of 
autosomal dominant transmission, 
however, was apparent in the adult 
group (dominant 199, recessive 76). 
Schut? illustrated the neuropatho- 
logical findings and could separate 50 
“most probable combinations” in he- 
reditary ataxia. The term “hereditary 
ataxia” may be preferable to “heredi- 
tary spinocerebellar degeneration” 
because it denotes both clinical pre- 
sentation (ataxia) and genetic trans- 
mission. It does not presume the 
neuropathological aspects of the con- 
dition. For example, spinal symptoms 
and signs may be absent in persons 
with hereditary ataxia, but postmor- 
tem examination may still reveal 
evidence of long tract involvement. 
Some cases of Friedreich’s ataxia, in 
turn, have neuronal loss in the cere- 
bellum though the disorder is consid- 
ered primarily a spinal cord disease. 
Ataxia may be due to spinopontine 


degeneration®* rather than degenera- 
tion of cerebellum or spinal cord.°* 
Olivopontocerebellar degeneration 
has been separated from other forms 
of spinocerebellar degeneration on 
pathological grounds because of the 
combined involvement of basis pontis, 
cerebellum, and inferior olivary nu- 
clei.’ 

In some families the clinical mani- 
festations are fairly constant, while in 
others a wider spectrum of signs 
occurs." Many authors have used 
eponymic designations, eg, Marie’s 
ataxia. Marie’ separated classic Fried- 
reich’s ataxia’ and “l’hérédo-ataxie 
cérébelleuse.” Holmes" opposed any 
classification based on heredity and 
proposed a purely pathoanatomical 
approach. This ambitious effort was 
not successful because autopsy find- 
ings were as variable as clinical mani- 
festations. 

In this article we wish to report 
observations in eight Scottish families 
affected by adult-onset hereditary 
ataxia. A specific segment of the Scot- 
tish population was screened by mod- 
ern diagnostic recording systems. The 
investigation was aided greatly by 
precise demographic data and vital 
statistics available in Scotland. 


SUBJECTS AND METHODS 


The search was restricted to cases of 
adult-onset hereditary ataxia. “Adult” was 
defined as 20 years or older. The search 
was conducted on location in Glasgow, 
Edinburgh, and Aberdeen. Patients were 
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visited in hospital or at home. 

The procedure was as follows: Computer 
printouts of hospital admissions were 
examined for listings of hereditary ataxia. 
These printouts included the date of birth 
of the patient, area of residence, dates of 
hospitalization, as well as a code number 
for his physician. The physician was 
contacted to obtain permission for record 
study and patient examination when possi- 
ble. Computer printouts were made avail- 
able through the larger Scottish hospitals, 
the South-Eastern Regional Hospital 
Board, and the Common Services Agency. 
The last agency maintains printouts of 
hospital admission in all of Scotland. 
Specific guidelines were followed to safe- 
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guard the confidentiality of patient medi- 
cal information. Dates of birth and death, 
dates of marriage, and causes of death 
were also verified through the office of the 
Registrar General in Edinburgh. Files of 
hospital pathology departments were re- 
viewed for cases of ataxia. Autopsies had 
been done in two affected members of one 
family. Neurologists and neurosurgeons 
were contacted by letter or telephone to 
ascertain out-patient cases that would not 
appear in other record systems. 


REPORT OF CASES 


The search resulted in the discovery of 
eight pedigrees with 42 patients. On June 
1, 1975, a total of 16 patients were alive, 
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Fig 1.—Pedigree of family 1. Arrow indicates propositus. Broken line indicates illegiti- 
macy. 
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Fig 2.—Case II,2; family 1. Atrophy of the ba 
pons are depleted. Tegmentum, superior cere 


pons are normal (Luxol fast blue, PAS). 
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sis pontis. Transverse myelinated fibers of 
bellar peduncles, and descending fibers of 


and nine were examined by the authors. 
For the remaining seven, hospital notes 
were available. Clinical information relat- 
ing to 26 deceased affected individuals was 
obtained from hospital records and from 
accounts by relatives. Some persons were 
included as “affected” on the basis of 
reports by family members only. 


Family 1 


Case III,1.—Propositus.—This 49-year-old 
right-handed man (Fig 1) of low intelli- 
gence had a ten-year-history of progres- 
sive unsteadiness of gait, with more recent 
dysarthria and difficulty with fine hand 
movements. The examination of the 
extraocular muscles revealed a selective 
defect of saccadic movements."* His pur- 
suit movements were full but slow. Reflex 
eye movements on passive rotation of the 
head, including in vertical direction, were 
intact. Lid blink and random eye move- 
ments were infrequent. The fast phase of 
the optokinetic nystagmus was absent. His 
visual acuity and fields, pupillary light 
reflexes, and funduscopy were all normal. 
He had no weakness in the extremities. 

All muscle stretch reflexes were absent; 
the left plantar response was flexor and 
the right, extensor. He had no foot defor- 
mity. Fasciculations of brachioradialis and 
extensor carpi radialis muscles were 
observed. His sensation to light touch and 
pinprick was normal everywhere, and joint 
position sense was also intact, but he had 
an increased threshold to two-point dis- 
crimination in the fingers. He had some 
diminution of vibration sense in the feet. 
He had athetoid posturing of the hands. 
Finger-to-nose and heel-to-shin dysmetria 
were very prominent. His gait was wide 
based and staggering; he could not perform 
tandem walking. 

Case II,2.—Deceased Mother of Proposi- 
tus.—Although the early history is vague, 
ataxia of gait probably was first noticed at 
the age of 49 years in this right-handed 
woman. Ataxia and dysarthria progressed 
and she developed choreiform movements 
of the upper limbs. By 58 years, she was 
demented but still ambulant. Prior to her 
death a year later, she had marked dysar- 
thria, gross limb incoordination, hypotonia, 
areflexia, an extensor right plantar re- 
sponse, absent vibration sense at both 
ankles, normal optic disks, and no nystag- 
mus. Findings from CSF examination 
showed no abnormality. 

At postmortem examination, the impor- 
tant findings were confined to the central 
nervous system. The fresh weight of the 
brain was 900 gm. The specimen was 
uniformly small, but there was dispropor- 
tionate atrophy of the pons (Fig 2) and the 
cerebellum. Microscopic examination of the 
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cerebellum revealed widespread reduction 
in the number of Purkinje cells and atten- 
uation of the granular layer. There was 
proliferation of Bergmann glia. Silver 
stains showed numerous torpedoes in the 
granular layer (Fig 3). The neuronal popu- 
lation of the dentate nuclei appeared 
normal. The cerebellar white matter, 
including the hilus of the dentate nuclei, 
was pale in myelin-stained preparations. 
Axonal loss in the demyelinated regions 
was comparable to the loss of myelin 
sheaths. The pons showed severe neuronal 
loss in the nuclei of the base. All tegmental 
structures, including the locus ceruleus, 
were normal. The transverse fibers of the 
basis pontis were severely depleted (Fig 2). 
In the midbrain, the substantia nigra 
showed considerable neuronal loss, with 
much extraneuronal melanin pigment. In 
the medulla oblongata (Fig 4), there was 
severe neuronal loss in the inferior olivary 
nuclei. There was much small-celled gliosis 
in these structures. The hilus and peri- 
meter of the inferior olivary nuclei were 
severely demyelinated (Fig 4). Axon stains 
showed multiple axonal balloons in the 
olivocerebellar fibers and the terminal 
portion of the central tegmental tracts. In 
the spinal cord, there was demyelination of 
the dorsal columns (Fig 5), with commensu- 
rate axonal loss. Only some areas of the 
posterior fasciculus proprius were spared. 
The anterior horns of the spinal cord at all 
levels revealed striking neuronal loss (Fig 
6). Occasional senile plaques were present 
in the temporo-occipital cortex. The final 
diagnosis was olivopontocerebellar degen- 
eration. 

Case II,3.—Deceased Sister of Propos- 
itus.—Ataxia of gait and dysarthria had 
eommenced at the age of 21 years. By the 
age of 30, ambulation was markedly 
restricted, and by 32 she was doubly incon- 
tinent and permanently hospitalized. All 
cranial nerves were intact, but she had 
gross limb ataxia, absent muscle stretch 
reflexes, extensor plantar responses, in- 
creased tone in all extremities, and absent 
vibration sense at the ankles. Terminally, 
she became confused, agitated, and de- 
pressed. She died at the age of 35. 

At postmortem examination, the brain 
weighed 880 gm. Pons and cerebellum were 
grossly atrophic. The microscopic findings 
were very similar to those of her mother 
(II,2). However, neuronal loss in the 
substantia nigra and in the anterior horn 
was considerably greater. She had no senile 
plaques in the cortex or the hippocampus. 
Her final diagnosis was also olivopontocer- 
ebellar degeneration. 

Case IV,2.—Son of Propositus.—From the 
age of 20 years, this patient’s gait had been 
unsteady. When seen at the age of 24 
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(examined by D. I. S. in 1976), he had the 
same abnormality of saccadic eye move- 
ments as his father (III,1) and a staring 
unblinking gaze. The fast phase of optoki- 
netic nystagmus was absent. Pupillary 
responses, optic fundi, and visual acuity 
were normal. He had mild dysarthria. All 
muscle stretch reflexes were absent, and 
plantar responses, flexor. Power, tone, and 
sensation were normal. He had gross 
finger-to-nose ataxia and marked heel-to- 
shin and gait ataxia. 


Family 2 


Case III,5.—Propositus.—When examined 
in 1975, this 70-year-old right-handed man 
(Fig 7) had had neurological illness for 
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Fig 3.—Case II,2; family 1. Absence of Purkinje cells and axonal torpedo in granular cell 


more than 30 years. It began insidiously 
about 1943 when he had some gait difficul- 
ties and was admitted to the Edinburgh 
Royal Infirmary where the diagnosis of 
hereditary spinocerebellar degeneration 
was made. In 1975, neurological examina- 
tion showed the following findings: There 
was nystagmus on right and left lateral 
gaze. His corrected visual acuity was unim- 
paired and his visual fields were unrestrict- 
ed. However, there was bilateral temporal 
pallor of the optic disks. He had only 
minimal dysarthria. Muscle tone was 
greatly increased in the legs. He could not 
walk because of spasticity and ataxia. With 
the exception of the jaw jerk, all muscle 
stretch reflexes were much increased. He 
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layer of cerebellum (Bodian method, original magnification x 40). 





Fig 4.—Case Il,2; family 1. Loss of neurons in inferior olivary nucleus. Note pallor of 


olivofugal and olivopetal myelinated fibers 
x 6.4). 


(Luxol fast blue, PAS, original magnification 
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had bilateral Hoffmann signs, but not 
Babinski signs. He had unsustained patel- 
lar and sustained ankle clonus on both 
sides. Superficial and joint position senses 
were intact, but he could feel only strong 
vibration in the legs. He had prominent 
heel-to-shin and finger-to-nose dysmetria, 
considerable rebound, and a peculiar writh- 
ing quality to his volitional movements. He 
had been unable to walk for years, but was 
in good spirits. There was no foot defor- 
mity. 

Case III,3.—Brother of Propositus.—This 
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Fig 5.—Case 11,2; family 1. Fiber depletion in dorsal columns of spinal cord (Luxol fast 


blue, PAS, original magnification X 4). 
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76-year-old man had had difficulties with 
walking for many years, but did not recall 
when it all began. He was still able to walk 
in 1975, but only with support. He had 
severe dysarthria, strikingly more so than 
his affected brother (III,5). The cranial 
nerves were all normal, but there was 
nystagmus on lateral gaze. He had no 
weakness, but muscle tone was spastic in 
the legs. The reflexes were hyperactive in 
the arms and in the knees; the ankle jerks 
were depressed. He had no Babinski signs. 
He had no foot deformity. There was 
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Fig 6.—Case II,2; family 1. Severe neuronal loss in anterior horn of lumbar spinal cord 


(cresyl violet, original magnification x 10). 
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finger-to-nose and heel-to-shin dysmetria 
and occasional athetoid posturing of the 
outstretched hands. Dysmetria was more 
pronounced in the legs than in the arms. 
He had prominent rebound of the arms. 

Case IV,2.—Niece of Propositus.—This 
54-year-old woman was aware of the 
familial nature of her neurological! illness. 
She declined to undergo a full neurological 
examination, but permitted a detailed 
history. She had experienced unsteadiness 
of gait for several years. Her movements 
were no longer precise and she tended to 
make mistakes when pouring liquids. 
While no further details could be studied, 
observation clearly showed gait and limb 
ataxia. There appeared little doubt that she 
had the same disease as other members of 
this family. 

Case V,6.—Grandnephew of Propositus.— 
This 22-year-old man had early gait diffi- 
culties in his late teens. He continues to 
work as a car mechanic and has little 
difficulty with screws and bolts. On exam- 
ination in 1975, he had a wide-based and 
staggering gait. There was no foot defor- 
mity. He had no nystagmus or any other 
ocular abnormality. Muscle power and tone 
were considered normal, but his stretch 
reflexes were increased. The plantar 
responses were flexor. Dysmetria of the 
extremities was very prominent. He had no 
sensory impairment. 

No clinical information could be obtained 
about cases II,2; I1I,1; 11,2; IV,1; and V,2. 
Their inclusion as affected is based on 
statements by living family members. 


Family 3 


Case IV,2.—Propositus.—This 72-year-old 
man (Fig 8) had been well until 1946 (at age 
41). At that time, he noticed that he could 
no longer run without falling. Progressive 
clumsiness of his hands and arms devel- 
oped, and his gait difficulties gradually 
worsened. He was aware of a familial 
neurological disorder and had investigated 
his own pedigree. His maternal grandpar- 
ents were first cousins and had migrated to 
Scotland from northern England. He had 
kept correspondence for many years and 
knew about most other family members. 
Many had emigrated to Canada and 
Australia. When he was 60, he was 
admitted to the Edinburgh Royal Infir- 
mary because of stiffness in the legs. The 
familial nervous system disease was then 
known, but his myelopathy was inter- 
preted as too rapidly progressive for the 
condition. A myelogram showed cervical 
osteoarthritis. The patient declined poten- 
tial blood transfusions, and surgical inter- 
vention was not considered. Findings on 
neurological examination in 1975 indicated 
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a normal mental status. He had nystagmus 
on right and left lateral gaze and mild 
dysarthria. Otherwise, the examination 
results of the cranial nerves were normal. 
He had some weakness of the right supra- 
spinatus and infraspinatus muscles and the 
right deltoid. Fasciculations were also 
present in these muscles. The intrinsic 
hand muscles were weak and atrophic. All 
muscle stretch reflexes were abnormally 
brisk in the arms and in the legs except 
that the ankle jerks were reduced. Muscle 
tone in the legs was increased. There were 
no Babinski signs. He had finger-to-nose 
and heel-to-shin ataxia. He could not walk 
because of spastic legs. He had some dimi- 
nution of superficial sensation in the 
eighth cervical dermatome on the right, 
but no other sensory abnormalities. 

Some of the neurological findings, ie, 
atrophy of the right intrinsic head muscles 
and weakness and fasciculations in the 
right shoulder muscles, have to be 
attributed to cervical osteoarthritis. He 
had no foot deformity. 

Case II,12.—Maternal Uncle of Proposi- 
tus.—This patient was 66 years old when he 
was admitted to hospital in 1954. He 
complained of weakness and stiffness of 
the legs for ten years and failing vision. 
The clinical notes are scanty. It is reported 
that he had some optic pallor, but there is 
no reference to nystagmus. He had spastic 
weakness of the legs, exaggerated knee 
reflexes, and absent ankle jerks. His 
plantar responses were flexor. His “pro- 
prioception” in the legs was poor and he 
was ataxic on heel-to-shin maneuvers. His 
discharge diagnosis was disseminated scle- 
rosis. He died when he was 76 years old. No 
records of his final admission or a post- 
mortem examination have become avail- 
able. 

No medical information has become 
available on cases II,3; III,8; III,9; III,10; 
and III,11. They have been included as 
affected because of the careful personal 
documentation kept by the propositus 
(IV,2). 


Family 4 


Case  III,2.—Propositus.—This patient 
(Fig 9) was examined in 1975 when she was 
89 years old. She had been admitted several 
times to Edinburgh hospitals, and the diag- 
nosis of heredofamilial ataxia was made in 
1954. The first symptom was gait diffi- 
culty. Several neurological observers re- 
corded gait and limb ataxia and nystag- 
mus. Rheumatoid arthritis led to her 
permanent confinement to a long-term 
hospital. In 1975, findings from her mental 
status examination revealed some loss of 
memory, but little else. There was nystag- 
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Fig 7.—Pedigree of family 2. Arrow indicates propositus. Broken line indicates twin 
birth. 
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Fig 8.—Pedigree of family 3. Double lines indicate consanguinity (first cousins). Arrow 
indicates propositus. 
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Fig 9.—Pedigree of family 4. Arrow indicates propositus. 
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Fig 10.—Pedigree of family 5. Arrow indi- 
cates propositus. 


mus on right and left lateral gaze and she 
had severe dysarthria. She had no muscle 
weakness on formal testing, but she could 
not walk because of ataxia. With the excep- 
tion of the right ankle reflex, she had 
normal muscle stretch reflexes. Her feet 
were foreshortened and higharched. She 
had bilateral Babinski signs. She had 
tremor of the hands and feet during the 
finger-to-nose and heel-to-shin maneuvers. 
Her movements had a writhing compo- 
nent. 

For cases II,1; I11,4; and III,7 the infor- 
mation is incomplete. In 1954, the propos- 
itus had supplied many details of her 
family history to her neurologist. This 
information includes reference to progres- 
sive gait ataxia and dysarthria. The pedi- 
gree was constructed from this earlier 
documentation. The surviving members 
(11,4 and III,7) could not be examined. 


Family 5 


Case III,1.—Propositus.—This 67-year-old 
man (Fig 10) had unsteady gait and move- 
ments for 15 years. He was aware of a birth 
injury to his left upper brachial plexus, but 
had had little disability from this condi- 
tion. On neurological examination, there 
was pallor of both optic disks, but normal 
visual acuity and visual fields. There was 
no nystagmus. He had severe dysarthria 
and prominent head titubation. The left 
shoulder girdle muscles were atrophic and 
weak. The left biceps muscle was not palpa- 
ble. The left arm was shorter than the 
right. These findings were likely due to the 
old plexus lesion. All muscle stretch 
reflexes were absent, and there was no 
Babinski sign. Joint position and vibratory 
senses were impaired in the legs. The 
finger-to-nose and heel-to-shin tests indi- 
cated severe dysmetria, and his gait was 
extremely ataxic. He had rebound in the 
arms and legs. 

Case III,2.-Sister of Propositus.—This 
57-year-old woman had experienced fre- 
quent falls and progressive gait difficulties 
for about 11 years. She knew of a familial 
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Fig 11.—Pedigree of family 6. Arrow indicates propositus. 


condition and that her father was similarly 
affected (II,1). On neurological examina- 
tion, she had continuous head titubation. 
The cranial nerves were normal. Unlike her 
brother, she had no pallor of the optic disks. 
The absence of nystagmus was again 
noted. All extremities were mildly weak, 
and all muscle stretch refiexes were 
absent. An equivocal Babinski response 
was found. Joint position sense was 
impaired in the toes. Impairment of vibra- 
tory sense was strikingly greater than that 
of joint position sense and involved every 
bony prominence below the pelvis. There 
was severe dysmetria of the finger-to-nose 
and heel-to-shin tests and she walked with 
a very ataxic gait. Her outstretched hands 
had athetoid posturing and occasional 
writhing movements. 

Case Il,l.—Father of Propositus.—This 
man died in 1960 with a progressive ataxic 
condition that his children described as 
“the same thing.” No hospital records could 
be found. 


Family 6 


This pedigree (Fig 11) has been reported 
previously by McLellan and Park.” These 
authors investigated a peculiar failure to 
vomit spontaneously or after apomorphine 
injection. This phenomenon appeared to be 
present in affected members of the family 
only. The pedigree has been revised and 
updated. One of the patients fully de- 
scribed by McLellan and Park” has since 
died at home. An autopsy was not done. 

Case V,1.—Propositus.—This 60-year-old 
man was examined by one of us (D. I. S.) in 
1976. His first symptom was dysarthria, 





Fig 12.—Pedigree of family 7. Arrow indi- 
cates propositus. 


which was followed by gait ataxia. Neuro- 
logical examination revealed impaired 
lateral conjugate gaze to either side and 
coarse vertical and horizontal nystagmus. 
The gag reflexes were absent. His jaw jerk 
was increased. He had no weakness in the 
extremities, but formal testing was made 
difficult by previous osteomyelitis and 
fusion in the right hip. The muscle stretch 
reflexes were impaired in the arms and 
absent in the legs. He had no Babinski 
signs. Joint position sense was normal in 
upper and lower extremities, but vibratory 
sensation was severely impaired in both 
legs to the level of the lower ribs. Finger- 
to-nose maneuvers produced much dysmet- 
ria. He had gross gait ataxia, which 
compounded his orthopedic disability. 
Case V,2.—Deceased Brother of Proposi- 
tus.—The clinical findings in this patient 
are summarized briefly because full details 
have been published."* This man first 
noticed difficulties with coordination of his 
hands that became troublesome in his work 
as a dentist. He had occasional double 
vision that could not be suppressed. On 
neurological examination, he was found to 
have dysarthria, absent gag reflexes, 
coarse nystagmus on lateral and upward 
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gaze, diffuse muscle weakness of the 
extremities, wasting of the intrinsic hand 
muscles, ataxia of gait and dysmetria of 
the extremities, brisk muscle stretch 
reflexes, and impaired vibratory sense in 
the legs. He died at age 55 years. 

Cases II1,2; IV,3; and IV,5 of the pedi- 
gree have been included as affected 
because severe disabling ataxia was 
described by living family members. 


Family 7 


No living family members (Fig 12) were 
found in Scotland. The members of gener- 
ation I immigrated to Scotland from 
Ireland, and medical data were not avail- 
able. Family members II, and II,4 
emigrated to Canada. Subject I,2 was 
included among the affected persons after 
a full description by her daughter-in-law 
(II,1). Subject II,2, a man aged 60 years, 
was examined in 1971 at the Edinburgh 
Royal Infirmary. He gave a history of 
staggering gait over many years. On 
examination, he had limb and gait ataxia 
and upper motor neuron signs (not further 
specified). He was reported to have motor 
restlessness not unlike that of a person 
with chorea. He died at age 62 from 
myocardial infarction; a postmortem ex- 
amination was not performed. His sisters 
(II,3 and II,4) reportedly had a similar 
ataxic illness. 


Family 8 


Case III,6.—Propositus.—This woman 
(Fig 13) had progressive walking difficul- 
ties when she was 37 years old and later 
developed dysarthria. At age 57 years, she 
was bedridden. On examination at age 60, 
she had dysarthria, horizontal and vertical 
nystagmus, bilateral ptosis, and finger-to- 
nose dysmetria. She had spastic paraplegia 
with hyperreflexia of all muscle stretch 
reflexes. Vibratory sensation was dimin- 
ished in the legs. She had severe dorsal 
kyphoscoliosis, but no foot deformity. 
Seventeen years later, findings were simi- 
lar, but finger-to-nose dysmetria and 
dysarthria were worse, and she had severe 
left exotropia with inability to adduct the 
eyes on convergence. 

Case IV,2.—Son of Propositus.—This man 
denied any symptoms, but had dysarthria 
and finger-to-nose and heel-to-shin dys- 
metria when he was examined at age 45 
years. There were bilateral Babinski signs, 
and vibratory sense in the toes was absent. 
Exotropia was present in the left eye. 

Case IV,3.—Son of Propositus.—Tremor 
of the right arm and writing difficulties 
developed when this patient was 35 years 
old. On examination five years later, he 
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Fig 13.—Pedigree of family 8. Double lines indicate consanguinity. Arrow indicates 


propositus. 


had finger-to-nose and heel-to-shin ataxia, 
dysarthria, lateral gaze nystagmus, and 
hyperreflexia in the legs. His plantar 
responses were flexor. 

Cases III,2; III,3; and III,8 were included 
because of reports by relatives, but medical 
information was not available. 


COMMENT 


The clinical features are summa- 
rized in the Table. Case documenta- 
tion was not always complete, but 
adequate data were available in 17 
patients. Gait and limb ataxia, and 
dysarthria were present in all. The 
most common ocular abnormality was 
nystagmus. Muscle weakness, atro- 
phy, and fasciculations were rare. 
Exaggerated muscle stretch reflexes 
were more frequent than reflex 
depression. Tremor at rest, motor 
restlessness, athetoid posturing, 
writhing arm movements, and frank 
choreiform movements were common 
and probably of diagnostic impor- 
tance. Among the sensory abnormali- 
ties, a dissociation of joint position 
and vibratory senses was observed. 
Severe mental abnormalities were 
recorded only in two patients, mother 
and daughter (family 1). Mental 
subnormality occurred in another 
member of the same family. Most 
patients were alert and cooperative, 
and many had adjusted admirably to 
their progressive illness. Some contin- 
ued to work despite advanced ataxia. 
Foot deformity was observed in one 
patient only. 

The clinical features were quite 
variable. Nevertheless, certain promi- 
nent findings suggest a clinical pat- 
tern, starting with gait difficulty, 
progressing to dysarthria and im- 





Clinical Features of 17 Cases 
With Adequate Data 







Dysarthria 14 
Ocular abnormalities 
Nystagmus 6 
Optic atrophy 3 






Defects of extraocular 
movements 

Motor system 

Increased muscle tone 

Muscle weakness* 

Atrophy 

Fasciculations 

Depressed reflexest 

Exaggerated reflexes 

Babinski signs 

Extrapyramidal signst 
Sensory loss 

Superficial§ 
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Vibration 
Gait ataxia 1 
Limb ataxia 

Finger-to-nose 17 

Heel-to-shin 17 
Mental abnormalities 3 
Foot deformity 
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*Muscle weakness due to unrelated neur- 
ological disease has been excluded. 

tin several patients a mixed reflex pattern 
existed. Ankle jerks were commonly lost in 
patients that otherwise showed diffuse 
hyperreflexia. The predominant reflex behavior 
is listed in the table. 

tExtrapyramidal signs include tremor at rest 
and motor restlessness; athetoid posturing and 
writhing movements; and choreiform move- 
ments. 

§Superficial sensory loss includes light touch 
and pinprick. 


paired dexterity of the extremities, 
and finally to a wheelchair-bound 
existence. The mind has remained 
clear in most. The neurological exami- 
nation confirms ataxia of the extrem- 
ities and sometimes spasticity of the 
legs. Disability is almost never due to 
weakness, but rather to ataxia and 
spasticity. The ataxia of the limbs is 
of equal severity in the arms and the 
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legs. Death most commonly occurs 
from intercurrent infection. 

The clinical features of patients 
within a single family did not differ 
strikingly from member to member. 
The observed variations probably re- 
flect the duration of the illness. In the 
large family tree studied by Schut," 
the clinical findings were more vari- 
able than those observed in the Scot- 
tish families. On clinical grounds, 
Schut could distinguish hereditary 
spinal ataxia (“Friedreich’s ataxia”), 
two subgroups of hereditary cere- 
bellar ataxia and hereditary spastic 
paraplegia. All occurred in a single 
family with a common ancestor.* The 
pathological findings were more uni- 
form with pontine, medullary, cerebel- 
lar, and spinal involvement. From a 
purely pathological standpoint, the 
diagnosis in Schut’s cases is olivopon- 
tocerebellar degeneration. The clinical 
diagnosis of olivopontocerebellar de- 
generation is not commonly made 
when the patient is as young as in the 
case reported by Schut’ (age at onset, 
17 years; at death, 26 years). Post- 
mortem examination in two patients 
of one Scottish family in the present 
study revealed olivopontocerebellar 
degeneration, and the clinical and 
pathological features were almost 
identical. There is no evidence, how- 
ever, that the same pathological diag- 
nosis is true for the other families in 
which autopsy verification is lacking. 
They could conceivably fall into other 
categories, such as spinopontine’® or 
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familial cerebellar cortical degenera- 
tion.: 

The minimum prevalence in 1975 of 
adult-onset hereditary ataxia has 
been calculated as 0.31/100,000 from 
the 1971 Scottish census at which time 
the population was 5,228,963 persons. 
For comparison, the prevalence of 
Huntington’s chorea in the west of 
Scotland has been given as 5.2/ 
100,000'® and 8.4/100,000.'* The Scot- 
tish population has been compara- 
tively stable since 1951, with percent 
increases of 0.15, 0.16, and 0.10 in the 
census decades ending 1951, 1961, and 
1971, respectively. As there has been 
very little shift in population density, 
the figure of 0.31/100,000 probably 
reflects the natural prevalence of the 
disease. The rarity of adult-onset 
hereditary ataxia and the transmis- 
sion illustrated in the pedigrees make 
autosomal dominant inheritance like- 
ly even where only two generations 
could be surveyed (families 4, 5, and 
7). The sex ratio is 1.21:1.00 (23 men to 
19 women). The pedigree of family 8 is 
complicated because of consanguinity 
in successive generations, so that 
autosomal recessive transmission can- 
not be ruled out. Transmission other 
than simple autosomal dominant could 
also be postulated for family 3 (Fig 8). 
There were no families in which adult- 
onset hereditary ataxia was due to 
autosomal recessive transmission. The 
design of the search method (heredi- 
tary ataxia) did not provide for inclu- 
sion of familial spastic paraplegia. 
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Gustatory Phenomena After 


Upper Dorsal Sympathectomy 


Alexander Kurchin, MD; Raphael Adar, MD; Amikam Zweig, MD; Mark Mozes, MD 


è in a series of 100 bilateral upper 
dorsal sympathectomies performed for 
palmar hyperhidrosis, gustatory sweating 
and other gustatory phenomena were 
reported by 68 of 93 patients (73%), 
followed up for an average of 112 years. 

These gustatory phenomena were quite 
different from physiologic gustatory 
sweating: a wide range of gustatory 
stimuli caused a variety of phenomena in 
varied locations. There was a negative 
correlation between the incidence of 
these phenomena and the occurrence of 
Horner’s syndrome after sympathectomy. 

Analysis of our observations, and of 
clinical and experimental work of others, 
leads to the conclusion that gustatory 
phenomena after upper dorsal sympa- 
thectomy are the result of preganglionic 
sympathetic regeneration or collateral 
sprouting with aberrant synapses in the 
superior cervical ganglion. 

(Arch Neurol 34:619-623, 1977) 


gene sweating is a physiologic 
reflex of questionable impor- 
tance.' Certain pathologic conditions 
may also give rise to gustatory 
sweating and other gustatory phe- 
nomena such as tingling, paresthesia, 
flushing, or pilomotion. Reports of 
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pathologic gustatory phenomena have 
increased during the past 15 years, 
but most of them refer to Frey’s 
syndrome (gustatory phenomena in 
the area of skin supplied by the auric- 
ulo-temporal nerve, sometimes seen 
after operations on the parotid 
gland).? Gustatory phenomena after 
upper dorsal or cervicodorsal sympa- 
thectomy have received little atten- 
tion and are not generally recognized 
as a separate entity.’ To our knowl- 
edge, only two series devoted specifi- 
cally to gustatory phenomena follow- 
ing upper dorsal sympathectomy have 
been reported,’ while all other 
reports are of sporadic cases. In our 
relatively large experience with upper 
dorsal sympathectomy for palmar hy- 
perhidrosis, postoperative gustatory 
sweating and other gustatory phe- 
nomena were quite common. This 
report analyzes postoperative gusta- 
tory phenomena. 


SUBJECTS AND METHODS 


During a period of four years (1971 
through 1975), 100 patients underwent 
bilateral upper dorsal sympathectomy for 
palmar hyperhidrosis. Their average age 
was 23 years, and about half were men and 
half women. The operation was performed 
by the supraclavicular approach** and 
consisted of removal of T-2 and T-3 ganglia 
(Fig 1). The exact identification of these 
ganglia is not always possible, and 
although the operative procedure is a stan- 


dard one, we feel certain that there are 
minor variations in the amount of tissue 
removed. 

Follow-up was completed on 93 patients 
between 4 and 50 months after the opera- 
tion (average 1% years). A detailed ques- 
tionnaire was completed, and the patients 
underwent a physical examination. Partic- 
ular attention was paid to the detection of 
Horner’s syndrome, return of moisture to 
the hands, and other evidence of sympa- 
thetic activity. The patients were specifi- 
cally asked about gustatory phenomena 
both before and after the operation and as 
detailed an account as possible was elicited 
regarding the nature of these phenom- 
ena. 


RESULTS 


Of 85 patients questioned, 15 (18%) 
reported that gustatory phenomena 
were present before the operation. 
After the operation 68 of 93 (73%) had 
gustatory phenomena. Sex and age 
distributions of patients with gusta- 
tory phenomena were similar to those 
of the series as a whole. 


Preoperative Gustatory 
Phenomena 


Data describing preoperative gusta- 
tory phenomena are given in Table 1. 
Only three patients (20%) reported 
gustatory phenomena from anything 
other than spicy food. Areas other 
than the face and scalp were involved 
in four, and phenomena other than 
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Fig 1.—Normal anatomy showing sympathetic pupillodilating fibers from T-1. Segment 


removed at operation is blocked off. 


Table 1.—Preoperative Gustatory Phenomena (15 Patients)* 


Stimulus N 


Face 
Hands 
Scalp 


Hot or spicy food 
Alcoholic beverage 
Citrus fruit 
Smelling food 


Location 


Whole body 


N Nature of Phenomena 
13 Sweating 

3 Paresthesia 

2 Feeling of warmth 

1 





*More than one element was noted in some patients. 


sweating were reported by three 
patients. The gustatory phenomena 
appeared immediately after starting 
to eat and lasted for a few minutes. 
They were mild and caused no discom- 
fort, and the usual pattern was that of 
spicy food causing sweating mainly in 
face and scalp. 
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Postoperative Gustatory Phenomena 


Of 15 patients with preoperative 
gustatory phenomena, they disap- 
peared in two, while five others 
described no change in the nature of 
the phenomena after the operation. 


Eight patients (53%) reported a defi- 


nite change, either in the intensity or 
in the nature of the phenomena, 
postoperatively. 

Of 78 patients who did not report 
gustatory phenomena before the oper- 
ation, 55 (70%) developed gustatory 
phenomena postoperatively. The time 
of onset of the postoperative gusta- 
tory phenomena was from shortly 
after the operation to two years 
(mean 5.1 months +SD 5.6). No 
patient reported disappearance or 
decrease in intensity of the phenom- 
ena during the follow-up period. This 
time sequence is similar to that 
described by others.**° 

Analysis of the postoperative gusta- 
tory phenomena in all patients is 
given in Table 2. Hot and spicy food 
remained the most common stimulus, 
but in 37 patients (54%) other various 
stimuli also reproduced the phenom- 
ena. One patient reacting to spicy 
food only when not hungry had gusta- 
tory phenomena with all types of food 
when she was hungry. Smelling and 
looking at food also were causes of 
gustatory phenomena in this group, 
indicating that the afferent part of 
this abnormal reflex may be mediated 
through the optic and the olfactory 
nerves and not only via the gustatory 
elements of the seventh, ninth, and 
tenth cranial nerves. Bloor’ described 
the olfactory pathway in patients with 
intense gustatory phenomena but did 
not encounter any patient who had 
gustatory phenomena on looking at 
food. 

The face and scalp remained the 
main locations for postoperative gus- 
tatory phenomena, but in 17 patients 
(25%), the phenomena also affected a 
wide variety of other locations; in ten 
the face and scalp were not involved. 
In eight of 58 patients with gustatory 
phenomena in the face, the phenom- 
ena were not symmetric: in some, one 
side was completely uninvolved, while 
in others one side was less intensely 
affected than the other. 

Sweating was the most common 
phenomenon (76%), but other phenom- 
ena occurred as well in 55 patients 
(81%). Sweating as the sole phenom- 
enon was present in only 13 patients 
(19%); 17 patients (25%) had no sweat- 
ing. The intensity of the gustatory 
phenomena was usually mild or mod- 
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erate and was not considered by the 
patients as a problem. In nine patients 
(13%) some discomfort was reported 
mainly due to social embarrassment 
caused by the fact that they perspired 
while eating. The patients handled 
this problem by avoiding the specific 
stimuli. Only one patient reported 
severe gustatory phenomena with 
rather profuse sweating after all 
types of food. One patient in whom 
the gustatory phenomena were in the 
form of generalized mild tingling 
reported these sensations as pleasur- 
able. 

Postoperative gustatory phenom- 
ena varied considerably from the 
preoperative physiologic phenomena 
(Table 3). Several combinations of 
locations and different phenomena 
were occasionally present in a single 
patient, for example, paresthesia in 
the scalp, flushing in the face, and 
moisture in the palms. The relation- 
ship between these phenomena is not 
immediately apparent. Analysis re- 
veals that they included (1) all three 
dermal sympathetic reactions, sweat- 
ing, pilomotion, and vasoconstriction; 
(2) paradoxical vasodilation result- 
ing in flushing and a feeling of 
warmth; and (8) a variety of sensa- 
tions including pruritus and pares- 
thesia that may represent subclinical 
pilomotion,’® or a mild variant of 
causalgia. These sensations have also 
been described by others.*:°:!°-!” 


Relationship Between Gustatory 
Phenomena and Other Expressions 
of Sympathetic Denervation 


We examined the correlation be- 
tween gustatory phenomena, an ex- 
pression of sympathetic activity, and 
other effects of the operation in our 
patients. 

Horner’s Syndrome.—Of the 93 pa- 
tients in this series 40 had Horner’s 
syndrome. Only eight of them had a 
severe form of Horner’s syndrome, 
our definition of which was plainly 
visible ptosis or miosis causing a 
cosmetic defect. Mild Horner’s syn- 
drome was detectable only on close 
examination by the physician. 

The correlation between the pres- 
ence of Horner’s syndrome and gusta- 
tory phenomena in our patients is 
given in Table 4. The incidence of 
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Table 2.—Postoperative Gustatory Phenomena (68 Patients) 


Hot or spicy food 
Citrus fruit 

Warm food or drink 
Cheese, yogurt 
Apples 


Face 
Scalp 
Neck 
Back 
Upper extremity 


Other fruit 
Bread 
Salty food Chest 
Alcoholic beverage Axillae 
Any food Feet 


Abdomen 


Smelling food 
Looking at food 


Location 


Eyebrows only 


Whole body 





Nature of Phenomena 


Sweating 
Feeling of warmth 
Paresthesia 
Itching 
Feeling of sweating 
without sweating 
Shivering 
Flushing 
Pallor 
Cold feeling 
Pilomotion 
(on the scalp) 








gustatory phenomena was higher in 
patients without Horner’s syndrome, 
but statistical significance was appar- 
ent only in the cases with severe 
Horner’s syndrome. To our knowl- 
edge, this reverse correlation has not 
been documented by other observers. 
An interesting observation was made 
in one patient with a severe unilateral 
Horner’s syndrome. He described the 
onset of gustatory phenomena on the 
side of the face not involved by Horn- 
er’s syndrome several months before 
it appeared on the involved side. 

The time of appearance of the 
gustatory phenomena in patients with 
Horner’s (5.6 + 6.3 months) was not 
significantly different from the time 
of onset in the patients without Horn- 
er’s (4.5 + 5.2 months). However, in 
the two patients with a severe Horn- 
ers and gustatory phenomena, the 
gustatory phenomena appeared only 
12 and 13 months after the opera- 
tion. 

The few reports in the literature 
devoted to gustatory phenomena do 
not give clear conclusions regarding 
correlation with postoperative Horn- 
er’s syndrome. Bloor denied any such 


Table 3.—Differences Between Physiologic and Postoperative Gustatory 
Phenomena 


Physiologic Postoperative 


Frequency Less frequent (18%) 
Relation to May disappear after 
operation upper dorsal sympathectomy 
Intensity Usually mild 
Location Affects face and scalp 
mainly 
Stimuli Usually provoked by 
hot and spicy food 
Nature of Sweating as the major 
phenomena phenomenon 
Symmetry Symmetric 









Common (73%) 


Appears after upper 
dorsal sympathectomy 


May be severe and 
embarrassing 


Varied locations 










Varied and highly specific 
stimuli 


A wide variety of phenomena 
and sensations 


May be asymmetric 








correlation and considered the stellate 
ganglion unimportant in the genesis 
of gustatory phenomena.**’ Haxton 
stated that stellatectomy delayed the 
appearance of gustatory phenomena, 
but this was not supported by data.’ 
Harris and Jepson, on the other hand, 
stated that damaging the stellate was 
the cause of gustatory phenomena, 
but gave no supporting data.’ Gjerris 
and Olesen reported on 35 upper 
dorsal sympathectomies with a 43% 
incidence of gustatory phenomena 
and only one case of Horner’s 
syndrome; they thought that both 
observations were related.’ This con- 
clusion agrees with our data. 

Relapse of Palmar Sweating.—Some 
moisture returned to the hands in 52 
patients (58%) after an average of five 
months. In spite of the similarity in 
the time of appearance, there was no 
correlation between return of mois- 
ture in the hands and gustatory 
phenomena. Other reports have sug- 
gested a positive or a negative correla- 
tion."'°"'"* Each of these suggestions 
was based on pathophysiologic specu- 
lations, but none was supported by 
statistically valid clinical data. 
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Present Absent 


Gustatory phenomena 
Present 27 


Absent 
Total 















*\? = 1.13, not significant. 
+x? = 7.8 (with Yates’ correction); P < .01. 
Including patients with mild Horner's syndrome. 
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A. Post- operative state B. Regeneration 


Table 4.—Correlation Between Horner's Syndrome and Gustatory Phenomena 


All Horner’s Syndrome* 





Total 






Severe Horner’s Syndrome; 





Present Total 












Absenti 





chain 


D. Para- sympathetic 


collateral sprouting collateral sprouting 





Fig 2.—Schematic representation of possible mechanisms for gustatory phenomena 
after upper dorsal sympathectomy. S.C.G. indicates superior cervical ganglion; M.C.G., 
middle cervical ganglion; and St.G., stellate ganglion. A, Postoperative state. a indicates 
intact preganglionic fibers from T-1, synapsing in S.C.G.; b, postganglionic nondener- 
vated fibers going to structures in head, possibly including fibers to salivary glands; c, 


postganglionic fibers, denervated at pregang 


lionic level, to structures of head, possibly 


including fibers to salivary glands; d, intact white rami communicantes below level of 
operation. B, Scheme for regeneration. e indicates regenerating salivary preganglionic 
fibers from T-2, reestablishing aberrant synapses with c. C, Outline for possible 
sympathetic collateral sprouting. f indicates collateral sprouts from a, reestablishing 
aberrant synapses with c. D, Pathways for possible parasympathetic collateral sprouting. 
g indicates cranial nerve, glossopharyngeus, or vagus, with parasympathetic compo- 
nents; h, collateral sprouts from g, reestablishing aberrant synapses with c. 


Drying of the Face.—A total of 38 
patients reported complete dryness of 
the face after the operation. There 
was no correlation between this 
occurrence and gustatory phenomena. 
No special tests were performed, 
however, to detect small amounts of 
moisture. Investigators who made a 
quantitative assessment of thermal 
sweating in patients postoperative- 
ly®?°2518 showed that areas affected 
by gustatory phenomena had dimin- 
ished sweating. 


COMMENT 


Although gustatory stimuli are con- 
sidered one of three physiologic stim- 
uli for sweating, there seem to be no 
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available data on the normal incidence 
and intensity of physiologic gustatory 
phenomena. Biological variation most 
probably exists. Claude Bernard was 
reported (by Haxton*) to have suf- 
fered gustatory phenomena on eating 
chocolate but this type of specificity is 
an exception in the physiologic state. 

Cervicodorsal sympathetic lesions 
giving rise to pathologic gustatory 
phenomena have been described with 
Pancoast tumors, after thyroidec- 
tomy, with cervical spine osteoma,” 
after thoracoplasty,'® due to diabetic 
autonomic neuropathy," and after 
surgery.*® In the present series patho- 
logic gustatory phenomena accompa- 
nied our preganglionic upper dorsal 





sympathectomy quite regularly. Only 
three reports pay special attention to 
the incidence of gustatory phenomena 
after upper dorsal sympathectomy,*** 
giving figures of 38%, 20%, and 43%. 
Much lower incidences or reports of 
upper dorsal sympathectomy with no 
mention of gustatory phenomena'** 
are probably the result of unaware- 
ness. 

There is considerable discussion 
regarding the mechanism responsible 
for the appearance of gustatory phe- 
nomena after upper dorsal sympa- 
thectomy. Haxton maintained that 
this was merely an accentuation of the 
physiologic gustatory phenomena, due 
to denervation supersensitivity, the 
stimuli reaching the skin elements by 
way of residual unsevered fibers.’ Our 
observations and those of others do 
not support this simplistic explana- 
tion. Numerous differences have been 
noted between the physiologic gusta- 
tory phenomena and those appearing 
after the operation (Table 3). 

As the gustatory phenomena are 
associated with eating, it is reason- 
able to assume that they represent a 
distortion of some normal reflex 
related to eating. Some patients 
responded to smelling of food, and one 
even to looking at it. Hunger changed 
the nature of the stimulus in other 
patients, ie, the threshold for trig- 
gering the pathologic gustatory reflex 
was lowered by hunger. This pattern 
is similar to the pattern of salivation 
in normal subjects, and indeed, the 
sympathetic innervation of the sali- 
vary glands comes from T1-2,* with a 
synapse in the superior cervical gan- 
glion. Our operation removes T2-3, 
causing partial preganglionic dener- 
vation to the salivary glands. Aber- 
rant regeneration in this area may be 
the cause of the eating-salivation 
reflex that results in gustatory phe- 
nomena after eating. Some authori- 
ties state*!?">"" that gustatory phe- 
nomena are the result of collateral 
sprouting of parasympathetic ele- 
ments from the vagus or the glosso- 
pharyngeal nerves into the damaged 
sympathetic pathways (Fig 2, D). As 
the gustatory phenomena are both 
cholinergic and adrenergic (eg, pilo- 
erection), sprouting from a parasym- 
pathetic cholinergic fiber would have 
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to establish a synapse in the superior 
cervical ganglion. However, observa- 
tions on vagal nerve blocks‘ and on 
stellate ganglion blockade or exci- 
sion*'*'* are incompatible with this 
hypothesis. 

The negative correlation between 
gustatory phenomena and Horner’s 
syndrome tends to implicate the sym- 
pathetic and not the parasympathetic 
system. The sympathetic fibers in- 
volved are preganglionic, but the 
establishment of the pathologic reflex 
includes a ganglionic synapse because 
(1) ganglion blocking agents abolish or 
decrease the phenomena‘, and (2) 
the peripheral effects, as already 
stated, are both cholinergic and 
adrenergic while the preganglionic 
sympathetic fibers are cholinergic 
only. 

Two possible mechanisms may oper- 
ate in gustatory phenomena: regener- 
ation per se or collateral sprouting. 
Neither of these possibilities can be 
completely proved or disproved on the 
basis of available data. The regenera- 
tion hypothesis (Fig 2, B) was sup- 
ported by Haxton’s experience with 
infrastellate paravertebral blocks.’ 
The negative correlation with Horn- 
er’s syndrome could be an expression 
of a larger regeneration gap that 
exists when the stellate ganglion or 
part of it is removed. 

Collateral sprouting, first described 
by Murray and Thompson in 1957 (as 
noted by Herxheimer'*), may explain 
another model for gustatory phenom- 
ena (Fig 2, C). This hypothesis is also 
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consistent with the negative correla- 
tion between gustatory phenomena 
and Horner’s syndrome: Damage to 
the stellate ganglion that causes 
Horner’s syndrome also damages the 
fibers that would give rise to the 
sprouting. 

It appears, therefore, that upper 
dorsal sympathectomy removing T2-3 
ganglia causes partial sympathetic 
denervation of the head and probably 
also of the salivary glands,®1%12-15-15 
Either by means of regeneration or by 
collateral sprouting, preganglionic 
salivary fibers reestablish aberrant 
Synapses in the superior cervical 
ganglion with ganglion cells inner- 
vating structures of the skin, thus 
giving rise to the gustatory phenom- 
ena. 

The incidence of gustatory phenom- 
ena after upper dorsal sympathec- 
tomy in our series is the highest 
reported, to our knowledge. This may 
be due to increased awareness or to 
the fact that our operation is pregan- 
glionic, and only a relatively small 
segment of the sympathetic chain is 
removed, facilitating regeneration.*” 
As stated, the gustatory phenomena 
were usually mild. They therefore 
should not be considered as a signifi- 
cant complication of the operation, 
but rather as an expected side 
effect. 
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Giant Cell Arteritis With 
Normal Sedimentation Rate 


Tulay Kansu, MD; James J. Corbett, MD; Peter Savino, MD; Norman J. Schatz, MD 


è We report two elderly patients with 
normal erythrocyte sedimentation rate 
(ESR) and biopsy-confirmed giant cell 
arteritis. Because of the potentially disas- 
trous consequences of undiagnosed giant 
cell arteritis, early treatment based on 
clinical diagnostic criteria is urged de- 
spite a normal ESR. 

(Arch Neurol 34:624-625, 1977) 


eae cell arteritis (GCA—temporal 
or cranial arteritis) is a well- 
recognized disease of elderly patients 
that in its classical form is character- 
ized by malaise, fever, weight loss, 
headache, jaw, neck or facial pain, 
ocular symptoms and tender nodular 
temporal arteries. It is a noteworthy 
identifiable and frequently prevent- 
able cause of blindness in older 
patients. 

Early recognition of the disease 
may be difficult because clinical 
symptoms are frequently vague and 
nonspecific. The erythrocyte sedimen- 
tation rate (ESR) is helpful in the 
diagnosis of GCA since it is almost 
always elevated during active stages 
of the disease. A normal ESR however 
does not unequivocally rule out GCA. 
We have observed normal ESR in 
two biopsy-proved cases of GCA. The 
purpose of this article is to call atten- 
tion to this diagnostic problem. 


ee oe 
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SUBJECTS AND METHODS 


Both patients were studied at Wills 
Eye Hospital (WEH) and Thomas Jeffer- 
son University Hospital (TJUH). A de- 
tailed history, physical examination, and 
complete neurologic and ophthalmologic 
examinations were performed on both 
patients. Complete blood cell count, hemo- 
globin and hematocrit, ESR (Wester- 
gren)” differential cell count, electrolytes, 
BUN, creatinine, SGOT, SGPT, lactic 
dehydrogenase (LDH), alkaline phospha- 
tase, bilirubin, protein electrophoresis, and 
quantitative serum protein determina- 
tions, EKG, and chest and skull roentgen- 
ograms were also performed. 

The bioþsy specimens of the superficial 
temporal artery were taken ipsilateral to 
the visual loss or headache without any 
attempt to localize a diseased segment 
angiographically.* Diagnosis of temporal 
arteritis is based on histological findings of 
patchy areas of necrosis in the media with 
fragmentation of the internal elastic lami- 
na, multinucleated giant cells in the 
necrotic areas, and marked intimal fibrous 
proliferation.’ 


REPORT OF CASES 


Case 1.—A 73-year-old man awoke with 
decreased vision in the right eye and 
severe blurring in the left eye. The patient 
had had bilateral, parietal, and vertex 
headaches for the preceding three months. 
He had a history of myocardial infarction 
18 months before and diabetes mellitus 
that required no medication. 

Findings from neuro-ophthalmologic ex- 
amination indicated a corrected visual 
acuity of 6/9 OD and 6/30 OS. Visual fields 
showed a central scotoma on the right and 
only a temporal island of vision remaining 
on the left. The right optic disk was pale 
and swollen, with a small splinter hemor- 
rhage; the left optic disk was hyperemic, 
with sector pallor from the 12- to 3-o’clock 


positions. Venous engorgement was pres- 
ent bilaterally. The remaining findings of 
the neurologic examination were unre- 
markable. 

Erythrocyte sedimentation rate (West- 
ergren) was 13 mm/hr. Systemic steroid 
therapy was begun. During the period of 
treatment, the ESR stayed in the range of 
14 to 18 mm/hr. Temporal artery biopsy 
performed ten days following initiation of 
steroid therapy revealed a hard, throm- 
bosed, edematous, and enlarged segment 
of temporal artery and characteristic 
microscopic changes of GCA, including 
fragmentation of the elastic lamina, 
replacement of the media by lymphocytes, 
plasma cells and giant cells, and acellular 
thickening of the intima. The patient 
subjectively improved on daily steroid 
treatment, but had no improvement of 
visual function. 

Case 2.—A 79-year-old woman was 
admitted to WEH, with a one day history 
of sudden loss of vision in the right eye and 
pain in the right periorbital area. She had 
suffered from headaches all her life, with 
good relief using aspirin. She had a stroke 
at age 72 and had residual left-sided weak- 
ness. 

Blood pressure was 160/90 mm Hg. 
There was a grade 2/6 systolic murmur 
along the left sternal border, with no 
gallop. Findings from the neuro-ophthal- 
mologic examination showed an amaurotic 
pupil on the right, with no light perception. 
The right optic disk was pale, swollen, and 
mildly elevated. Vision was 6/6 in the left 
eye. 

The ESR was 22 mm/hr and 30 mm/hr in 
a repeat study. Except for a low platelet 
count (93,000/cu mm), results of a coagula- 
tion profile and other laboratory studies 
were normal. 

Right temporal artery biopsy revealed 
patchy areas of necrosis of the media, with 
fragmentation of the internal elastic lami- 
na. Chronic inflammatory cells and a few 
giant cells were present. Systemic steroid 
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peere- 


therapy was begun on a daily basis, but 
vision in the right eye did not return. 

She continued to have low platelet 
counts. Nine months later she was hospital- 
ized because of ecchymotic areas on the 
upper extremities. The diagnosis of idio- 
pathic thrombocytopenic purpura was 
made. 


COMMENT 


Giant cell arteritis whether a disor- 
der sui generis or a manifestation of 
polymyalgia rheumatica is an impor- 
tant cause of visual impairment in 
patients more than 55 years of age.** 
In its classical form, the presenting 
symptom may be headache, tender- 
ness over the superficial temporal 
arteries, masticatory claudication, fa- 
tigue, malaise, and migratory arthral- 
gia. Visual loss may occur subse- 
quently or may be the initial manifes- 
tation. Ischemic optic neuropathy or 
retinal arterial occlusion account for 
visual impairment.’ 

Simmons and Cogan" described an 
entity that they termed “occult tem- 
poral (giant cell) arteritis.” This was 
characterized by visual loss in the 
absence of, or preceding, the classical 
signs and symptoms including those 
referable to the temporal artery. 

In both classical and occult forms, 
the uninvolved eye will likely become 
involved within a very short period if 
not protected by the systemic admin- 
istration of corticosteroids. 

The diagnosis of GCA is based 
predominantly on the presence of clin- 
ical signs, symptoms, and an elevated 
ESR. Temporal artery biopsy provides 
pathological confirmation. However, 
the potential visual complications of 
the untreated disease are so disas- 
trous that systemic steroid adminis- 
tration should not be withheld before 
biopsy is performed. 

The ESR measures suspension sta- 
bility of erythrocytes. It is a rough 
measure of abnormal concentration of 
fibrinogen and serum globulins. In 
general, ESR is affected by properties 
of the erythrocytes (aggregation, 
shape, size, and number), by proper- 
ties of the plasma, and by mechanical 
or technical factors. An increased inci- 
dence of elevated sedimentation rate 
of erythrocytes in certain pathological 
conditions particularly inflammation, 
has long been recognized.'* We are 
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not aware of any correlation between 
platelet counts and ESR, and we 
cannot implicate thrombocytopenia as 
a cause of low ESR in our second 
patient. 

Isolated instances of normal ESR 
with biopsy-proved GCA appear in the 
literature." Whitfield et alë exam- 
ined 72 patients with GCA and discov- 
ered normal ESR in 8.7%. Recently, 
the relationship between ESR and age 
has been reevaluated.'**? Gibson’ 
reviewed the ESR in 118 patients 
treated for pernicious anemia and 442 
elderly in-patients. He concluded that 
the ESR in the aged is high only when 
there is a concurrent pathological 
process. Other studies disagree, show- 
ing elevated ESR in elderly patients 
without demonstrable infections or 
other disease.'’**° Kulvin™ studied 
ESR (Westergren) in 105 patients 50 
years of age and older and suggested 
that the upper limit of normal be 
raised to 40 mm/hr (60 mm/hr with 
anemia). Hayes and Stinson con- 
firmed the relationship between ele- 
vation of the ESR (Wintrobe) and age. 
When the new higher normal values 
were applied to a large series of 
biopsy-proved GCA,’ it was found 
that 30% of these patients would now 
be considered to have a normal ESR. 
The authors further state that the 
value of the ESR as a test for GCA is 
doubtful and propose that temporal 
artery biopsy is needed to make a 
definitive diagnosis. While we agree 
that the ESR may be elevated in the 
elderly and that values should be 
greater than 40 mm/hr (Westergren) 
to diagnose GCA, we do not agree that 
the test is without value. Although a 
normal ESR does not rule out GCA, an 
elevated ESR is highly suggestive of 
the disease. Likewise, the possible 
existence of “skip areas” in an 
involved vessel could conceivably re- 
sult in a falsely negative temporal 
artery biopsy specimen.” 

Any patient with ischemic optic 
neuropathy or retinal artery occlusion 
and an elevated ESR must be consid- 
ered to have GCA despite the absence 
of other signs or symptoms. Because 
of the potential bilaterality of visual 
loss, these patients must be treated 
immediately with large doses of 
systemic corticosteroids. Anticipated 


temporal artery biopsy is not a reason 
to delay institution of therapy. A 
normal ESR in a patient with other 
suggestive clinical signs does not rule 
out GCA. 
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Brain Dopamine Turnover 





and the Relief of Parkinsonism 


Urpo K. Rinne, MD; Reijo Marttila, MD; Vesa Sonninen, MD 


® The relationship between dopamine 
receptor activation and the relief of 
parkinsonian clinical features was stud- 
ied in 40 patients with Parkinson’s 
disease. Treatment with dopamine recep- 
tor agonists, piribedil or bromocriptine, 
decreased significantly both the basal 
level and probenecid-induced accumula- 
tions of homovanillic acid (HVA) in the 
CSF. But there were no changes in the 
concentrations of 5-hydroxyindole acetic 
acid (5-HIAA). Correlation analyses 
showed that patients who improved with 
both the dopamine agonists used had 
significantly lower probenecid response 
of HVA in the CSF and a less severe 
disease condition than those without 
beneficial effect. This relationship be- 
tween dopamine receptor activation and 
improvement of parkinsonian disability 
suggests that the therapeutic efficacy of 
dopamine receptor agonists depends on 
the functional capacity of brain dopamin- 
ergic mechanisms. 

(Arch Neurol 34:626-629, 1977) 


here is no doubt that the clinical 
condition of parkinsonian pa- 
tients can be improved by replacing 
the deficiency of brain dopamine by 
levodopa therapy, with or without a 
decarboxylase inhibitor. Moreover, 
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there is recent evidence that also 
dopamine receptor agonists may be 
beneficial in the treatment of patients 
with Parkinson’s disease.'~ 

The present investigation is con- 
cerned with the possible relationship 
between dopamine receptor activation 
and the relief of parkinsonian clinical 
features. For this purpose, a study 
was made of clinical responses and 
changes in the basal levels and 
probenecid-induced accumulations of 
homovanillic acid (HVA) and 5- 
hydroxyindole acetic acid (5-HIAA) in 
the CSF during treatment with 
dopamine receptor agonists, piribedil 
and bromocriptine. 


PATIENTS AND METHODS 


Studies were carried out on 40 patients 
with Parkinson’s disease. The main clinical 
features of these patients are shown in 
Table 1. None of the patients had been 
treated with levodopa before participating 
in this study. Previous anticholinergic 
therapy was continued unaltered. All 
patients were admitted to hospital for the 
initiation of treatment. Thereafter, they 
were examined at intervals of two to four 
weeks. 


Treatment and Clinical Assessment 


Piribedil (1-[2”-pyrimidyl]-4-piperonyl- 
piperazine) was administered orally, start- 
ing with a dose of 20 mg twice daily and 
increasing by 20 mg every third day to a 
maximum of 120 mg daily. The initial daily 


oral dose of bromocriptine (2-Br-a-ergo- 
cryptine) was 2.5 mg for the first three 
days and 2.5 mg twice for the rest of the 
first week of treatment. Thereafter, the 
daily dose was increased by 2.5 mg every 
week to a maximum of 30 mg daily. 

Quantitative clinical assessments were 
carried out with the rating scale for 
parkinsonian symptoms and functional 
disability.» Adverse reactions were simi- 
larly assessed. The evaluations were made 
at the beginning of the trial and at various 
intervals during the treatment previously 
described. The degree of improvement was 
calculated as a percentage of the pretreat- 
ment value. 


Acid Monoamine Metabolites 
in the CSF 


A probenecid test was carried out twice, 
once prior to treatment and again after 
four weeks of treatment with piribedil and 
also after 20 weeks of treatment with 
bromocriptine. The probenecid test was 
performed as described previously? by 
giving 100 mg/kg probenecid orally in 
eight doses over a period of 24 hours. A 
sample of CSF was collected by lumbar 
puncture before the first probenecid dose 
and again six hours after the last dose of 
probenecid. Cerebrospinal fluid samples 
were stored deep-frozen until assayed. 
Homovanillic acid was analyzed by the 
method of Andén et al and 5-HIAA by 
that of Ashcroft and Sharman.‘ 


RESULTS 


As can be seen in Table 2, both 
piribedil and bromocriptine therapy, 
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respectively, elicited a significant im- 
provement in parkinsonian patients. 
Clinical responses are presented in 
greater detail elsewhere.‘ 

During piribedil treatment the bas- 
al concentration of HVA in the CSF of 
parkinsonian patients decreased. 
However, more significantly 
(P < .05), piribedil treatment led to a 
decrease in probenecid-induced ac- 
cumulations of HVA after one 
month’s treatment with 120 mg of 
piribedil daily (Table 3). On the other 
hand, piribedil treatment caused no 
significant changes either in the basal 
concentration of 5-HIAA or in the 
response of 5-HIAA to probenecid 
treatment (Table 3). 

Statistical analysis showed a signif- 
icant (P < .05) negative relationship 
between HVA accumulation in the 
CSF induced by probenecid and 
improvement of total disability dur- 
ing piribedil treatment. This can be 
seen in Fig 1, which shows that after 
one month’s treatment, the probene- 
cid-induced increase in the HVA level 
in the CSF is significantly (P < .05) 
lower in patients with clear improve- 
ment, as compared to those without 
beneficial effect. In the former 
patients, there was also a clear 
tendency for the HVA level to 
increase when the probenecid test was 
carried out prior to treatment. More- 
over, there was a significant correla- 
tion between HVA response and the 
severity of the disease. Patients show- 
ing more improvement and greater 
decrease in the HVA response to 
probenecid had the disease signifi- 
cantly less severely than others. 

Bromocriptine treatment induced 
changes in dopamine turnover similar 
to those obtained with piribedil. Both 
the basal level of HVA in the CSF and 
its response to probenecid therapy 
decreased significantly during bromo- 
criptine treatment. But there were no 
changes in the concentrations of 
5-HIAA (Table 4). As in the case 
of piribedil treatment, the statisti- 
cal analyses showed that patients 
who improved with bromocriptine 
therapy had a significantly lower 
HVA response to probenecid treat- 
ment and had the disease less severely 
than those without beneficial effect 
(Fig 2). 
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COMMENT 


Experiments with animals have 
shown that acid monoamine metabo- 
lites in the CSF largely derive from 
the metabolism of parent amines in 
the brain and that their concentration 
in the CSF closely reflects the 
concentration of the corresponding 
amine in the brain.™-" This relation- 
ship seems to be more significant for 
HVA, but some of the 5-HIAA in the 
CSF may originate from the spinal 
cord." Also, in human lumbar CSF, 
the level of HVA, and especially its 
response to probenecid administra- 
tion, reflects the metabolism of 
dopamine in the brain. It has been 
shown that deficiency of dopamine in 
the parkinsonian brain is associated 
with decreased concentration of HVA 
in the CSF.%1718-22 Furthermore, the 
HVA response to probenecid in the 
CSF of parkinsonian patients has 
been found to decrease in relation to 


There is experimental evidence that 
large doses of dopamine agonists may 
activate both the presynaptic and the 


postsynaptic dopamine receptors, re- 
sulting in inhibition of dopamine 
metabolism and increased motor ac- 
tivity.™ Furthermore, experimental 
studies have indicated that there is a 
relationship between the activity of 
dopamine receptors and the turnover 
of dopamine in the presynaptic neu- 
ron. The pharmacological stimulation 
of dopamine receptors is associated 
with decreased turnover of endoge- 
nous dopamine,’”*”’ and the blocking of 
these receptors increases the dopa- 
mine turnover**** as a result of feed- 
back mechanisms. Similarly, treat- 
ment of patients with dopaminergic 
agonists**** or antagonists®’ is asso- 
ciated with corresponding changes in 
the concentration of HVA in the 
lumbar CSF. 

The results of the present study 
showed that dopamine receptor ago- 
nists such as piribedil and bromocrip- 
tine have a significant effect on HVA 
in the CSF of patients with Parkin- 
son’s disease. Changes in the basal 
level and especially in the probenecid- 
induced accumulations of HVA in the 
CSF suggest that these drugs reduce 
the turnover of endogenous dopamine 


Table 1.—Main Characteristics of Parkinsonian Patients Given Piribedil or 
Bromocriptine Treatment 


Sex 
No.of ——~—,_ Age, 
Drug Patients F M yr 
Piribedil 
Bromocriptine 24 





*Degrees according to Hoehn and Yahr.** 


Duration Degree of 
of Disability* 
Disease, 





Table 2.—Improvement of Major Clinical Features of Parkinsonian Patients 
During Treatment With Piribedil or Bromocriptine 


No. of 
Patients 


Duration of 
Treatment, wk 


Piribedil, 120 mg/day 
2 


4 

8 

16 
Bromocriptine, 30 mg/day 





Mean Improvement, % + SEM 


Total 
Disability 


Tremor Rigidity Hypokinesia 
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in the brain. According to experi- 
mental studies, the mechanism for 
these changes in dopamine turnover 
may be stimulation of the dopamin- 
ergic receptors. Thus, the results of 


the present study give further support 
to the idea that HVA responses in the 
CSF to dopamine receptor agonists 
reflect the activation of dopaminergic 
receptors in the parkinsonian brain. 


Table 3.—Effect of Piribedil Treatment on Basal Concentrations and 
Probenecid-Induced Accumulations of Homovanillic Acid and 5-Hydroxyindole 
Acetic Acid in the Cerebrospinal Fluid of 11 Parkinsonian Patients 


Homovanillic Acid, 
ng/ml (Mean + SEM) 


Piribedil 
Treatment 


Before 
During 


Basal 
17.1 + 4.0 
13.7 + 3.4 


Probenecid 
102.2 + 12.1 
68.0 + 10.0 


5-Hydroxyindole Acetic 
Acid, ng/ml (Mean + SEM) 


Probenecid 
91.1 + 12.1 
87.1 + 13.5 


Basal 
32.6 + 4.7 
33.1 + 3.7 





Similar changes have been reported 
recently with piribedil therapy, and it 
has been suggested that HVA re- 
sponse to dopamine receptor agonists 
and antagonists may be useful even as 
provocative tests of brain dopamin- 
ergic mechanisms in man.” 

Both the dopaminergic agonists 
used in the present study not only 
induced corresponding changes in 
dopamine metabolism in the brain but 
also had similar clinical correlations. 
There was a significant relationship 
between dopamine receptor activation 
and improvement of parkinsonian 
disability, suggesting that the thera- 
peutic efficacy of dopamine receptor 


Table 4.—Effect of Bromocriptine Treatment on Basal Concentrations and Probenecid-Induced Accumulations of Homovanillic 
Acid and 5-Hydroxyindole Acetic Acid in the Cerebrospinal Fluid of Parkinsonian Patients. 


No. of 
Patients 


Bromocriptine 
Treatment 


Before 


Homovanillic Acid, 
ng/ml (Mean + SEM) 


Probenecid 
145.0 + 17.2 
92.6 + 15.3 





5-Hydroxyindole 
Acetic Acid, ng/ml 
(Mean + SEM) 


Probenecid 
46.5 + 7.4 
62.2 + 8.6 


Fig 1.—Correlation of probenecid-induced accumulations of 
homovanillic acid (HVA) in cerebrospinal fluid, with improvement 


Fig 2.—Correlation of probenecid-induced accumulations of 
homovanillic acid (HVA) in cerebrospinal fluid, with improvement 
during bromocriptine therapy. 


during piribedil therapy. 


Improvement 
[ _]>10 %(20+2) 


PAA<10 % (3 £1) 


ISO 


lOO 
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50 


Before 
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(6) (6) 


Improvement 
[ _ ]>25%(47+8) 


<25%(I4 +4) 
P< .05 





, 
A 


(6) (4) 


Before During 


BROMOCRIPTINE TREATMENT 


Brain Dopamine Turnover—Rinne et al 





agonists depends on the functional 
capacity of brain dopaminergic neu- 
rons. Thus, the responses to dopamine 
receptor agonists may help us to 
understand the relationship between 
brain dopaminergic mechanisms and 
improvement of parkinsonian symp- 
toms. 

During treatment with levodopa, in 
contrast to dopaminergic agonists, 
there was no clear relationship be- 
tween HVA level changes in the CSF 
and the relief of parkinsonian symp- 
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toms.® One explanation may be that 
some of the HVA found in the CSF 
during levodopa treatment originates 
from the capillary walls.®* Further- 
more, large amounts of exogenously 
administered levodopa will be taken 
up and metabolized in other than 
primarily dopaminergic extrapyram- 
idal neurons,**-** not all of which are 
necessarily involved in the therapeutic 
responses. It seems, therefore, that 
the effect of dopamine receptor ago- 
nists on brain dopaminergic mech- 
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Gilles de la Tourette’s Syndrome 


Familial Occurrence and Precipitation By Methylphenidate Therapy 


Michael A. Pollack, MD; Neal L. Cohen, MD; Arnold J. Friedhoff, MD 


è Gilles de la Tourette’s syndrome was 
independently ascertained in two male 
cousins once removed. Previous studies 
have shown familial clustering of individ- 
uals with tics, but no consistent pattern of 
inheritance of Tourette’s syndrome has 
been apparent. The onset and later 
exacerbation of symptoms in our younger 
patient were associated with the adminis- 
tration of CNS stimulants given for exces- 
sive motor activity. The adverse effects of 
methylphenidate and dextroamphetamine 
therapy on Tourette’s syndrome supports 
the hypothesis that this condition results 
from a relative excess of CNS catechol- 
aminergic activity. Physicians prescribing 
these agents should inquire about the 
presence of tics in patients and their 
families. 

(Arch Neurol 34:630-632, 1977) 


630 Arch Neurol—Vol 34, Oct 1977 


3 de la Tourette’s syndrome, a 
distinctive combination of mul- 
tifocal tics and involuntary vocaliza- 
tions, begins in childhood.'’ Most 
cases appear to be sporadic, but 
familial cases have also been re- 
ported.'** The dramatic amelioration 
of symptoms in most affected individ- 
uals by haloperidol, which blocks post- 
synaptic dopamine and norepineph- 
rine receptors, suggests that this 
disorder is mediated by catechol- 
amines. Neuropharmacological stud- 
ies have produced additional evidence 
favoring excessive dopaminergic and 
noradrenergic influences in the brains 
of patients with this syndrome.’”"’ 

We report the independent ascer- 
tainment of Tourette’s syndrome in 
two male cousins once removed (Fig- 
ure 1). In the younger patient, the 
initial occurrence and later exacerba- 
tion of symptoms were temporally 
related to the administration of CNS 
stimulants. 
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REPORT OF CASES 


Case 1 (IV-1).—A 7-year-old boy was 
referred because of multifocal tics and 
disruptive activity in school. He was 
accompanied by his father who described 
him as a “perpetual motion machine.” At 
the age of 5 years, his short attention span 
was brought to the parents’ attention by 
his kindergarten teacher. A physician 
prescribed methylphenidate hydrochloride, 
5 mg twice a day, in November 1974. 
Minimal improvement was noted over the 
next few months. In May 1975, facial tics 
consisting of eye-blinking and grimacing 
began. These became more frequent dur- 
ing the ensuing months. In April 1976, 
continuing school difficulties led to discon- 
tinuation of methylphenidate treatment 
and administration of dextroampheta- 
mine, 10 mg twice a day. This was followed 
by an improvement in the patient’s toler- 
ance for remaining seated in the classroom, 
but his tics became more frequent and 
varied. Spasmodic movements of the trunk 
and associated jerking of the upper 
extremities developed. More strikingly, he 
displayed a vocal tic consisting of snorting 
and repetitive clearing of the throat. 

The patient’s father knew of no other 
family members with a movement disorder 
or tic, but, after a provisional diagnosis of 
Tourette’s syndrome had been made, the 
patient’s mother informed one of us by 
telephone that her first cousin carried the 
same diagnosis. Both parents are Jewish 
and of eastern European origin. 
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Pedigree of two cousins with Tourette’s syndrome. 


The patient’s mother had received dex- 
troamphetamine therapy for weight reduc- 
tion for several weeks without any asso- 
ciated disturbance of speech or behavior. 
No other members of the family were 
known to have received CNS stimulants. 

The general physical and neurological 
examinations (July 1976) showed no abnor- 
malities except for excessive exploratory 
activity and the multifocal tics and invol- 
untary vocalizations typical of Tourette’s 
syndrome. Dextroamphetamine treatment 
was discontinued and haloperidol therapy, 
0.5 mg twice a day, was initiated. In the 
next week, there was a striking decrease in 
the frequency of tics and involuntary 
noises. This improvement continued for 
several months. In addition, improved 
attentiveness and an increased ability to 
remain seated led to a satisfactory class- 
room adjustment. Seven months later, an 
increase in the frequency of tics required 
that the dose of haloperidol be raised to 1 
mg twice a day. 

CASE 2 (III-2).—This 33-year-old man, the 
maternal cousin once removed of the 
propositus, had multifocal ties and stut- 
tering by 4 years of age. I nvoluntary vocal- 
izations occurred in the middle childhood 
years, and coprolalia became a prominent 
feature by adolescence. Prior to the initia- 
tion of halperidol therapy at 31 years of 
age, a variety of phenothiazines, antishis- 
tamines, and sedatives were prescribed 
without substantial benefit. Electroconvul- 
sive therapy was given at 9 and 19 years of 
age. A brief trial of amphetamine was not 
associated with a definite change in symp- 
toms. 
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Haloperidol therapy was followed by the 
disappearance of tics and involuntary 
vocalizations. Recurrent Symptoms neces- 
sitated increasing dosage, but excellent 
control is currently maintained on 10 mg 
daily. Social adjustment remained unsatis- 
factory. Prior to the diagnosis of Tou- 
rette’s syndrome, the patient was consid- 
ered schizophrenic. After the disappear- 
ance of his involuntary movements and 
vocalizations, this diagnosis was still 
believed correct because of paranoid ide- 
ation, emotional constriction, and with- 
drawn, regressive behavior. His impaired 
function was partly attributed to many 
years of living with a condition that 
resulted in ostracism, disruption of educa- 
tion, and electroconvulsive therapy. 


COMMENT 


Golden" described the course of a 
9-year-old boy in whom Tourette’s 
syndrome developed while he was 
receiving methylphenidate, which was 
prescribed because of apparent hyper- 
activity. His symptoms lessened when 
this therapy was discontinued, but 
long-term haloperidol administration 
was required for adequate sympto- 
matic control. No other members of 
this patient’s family were affected. In 
a more recent report, Golden has 
described two additional children in 
whom the onset of Tourette’s syn- 
drome was apparently precipitated by 
methylphenidate treatment and was 
not reversible when this therapy was 
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discontinued. He has also identified 14 
patients in whom Tourette’s syn- 
drome was exacerbated by CNS stim- 
ulants.’* Denckla and her coworkers 
described the onset of ties in 14 chil- 
dren and the exacerbation of tics in an 
additional six during methylpheni- 
date therapy. In only one of these 
patients was Tourette’s syndrome 
diagnosed. Fras and Karlavage’® 
briefly reported the exacerbation of 
Tourette’s symptoms in two patients 
treated with methylphenidate.” The 
worsening of Tourette’s symptoms 
during amphetamine treatment was 
also noted in two earlier reports. !!:16 
Amphetamine and methylphenidate 
are pharmacological antagonists of 
haloperidol and increase the avail- 
ability of neurotransmitter at post- 
synaptic catecholaminergic receptor 
sites,’ Their adverse effect on Tou- 
rette’s syndrome, therefore, supports 
the hypothesis that this condition is 
related to a relative excess of CNS 
catecholaminergic activity. 

The symptoms of Tourette’s syn- 
drome were full blown in our second 
patient. Our first patient did not show 
coprolalia, but this feature is often 
absent in affected children.” The age 
of onset, Jewish parentage, distribu- 
tion, and variety of tics and manner- 
isms as well as the character of the 
involuntary vocalizations in this boy 
were typical of Tourette’s syn- 
drome.*:"7 

Our younger patient is the first 
individual in whom a family history of 
Tourette’s syndrome and precipita- 
tion of the syndrome by a CNS stimu- 
lant have been recognized to coexist. 
It is possible that his excessive motor 
activity and distractibility, which led 
to the use of methylphenidate and 
dextroamphetamine, were the earliest 
manifestations of Tourette’s syn- 
drome. These features are f requent in 
children with Tourette’s syndrome.’ 
We wish to emphasize, however, that 
this patient’s parents were certain 
that he had no ties prior to the admin- 
istration of stimulant drugs. In addi- 
tion, one of us (M.P.) observed no ties 
in home movies taken when the 
patient was 4 years old. 

Golden has suggested that Tou- 
rette’s syndrome may be a phenotype 
shared by biochemically distinct disor- 
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ders. Our patient’s response to meth- 
ylphenidate therapy suggests that 
exogenous influences may precipitate 
the syndrome in a genetically predis- 
posed individual. In the absence of 
appropriate precipitants, affected 
members of a family might not be 
recognized in genetic surveys that are 
performed because of a single, symp- 
tomatic individual. This is analogous 
to the inheritance of primary, gener- 
alized epilepsy; the characteristic EEG 
abnormality, which consists of parox- 
ysmal, spike and wave discharges, is 
transmitted as an autosomal domi- 
nant trait, but clinical seizures do not 
occur in all individuals whose EEGs 
show them to be affected. Presumably 
some environmental trigger, which is 
not encountered by all predisposed 
individuals, is required to make the 


1. Shapiro AK, Shapiro E, Wayne H: Birth, 
development, and family histories and demo- 
graphic information in Tourette’s syndrome. J 
Nerv Ment Dis 155:335-344, 1972. 

2 Woodrow KM: Gilles de la Tourette's 
disease—a review. Am J Psychiatry 181:1000- 
1008, 1974. 

2 Fernando SJM: Gilles de la Tourette's 
syndrome: A report on four cases and a review of 
published case reports. Br J Psychiatry 113:607- 
617, 1967. 

4. Field JR, Kendall BC, Goldstein NP, et al: 
Gilles de la Tourette’s syndrome. Neurology 
16:453-462, 1966. 

5. Friel PB: Familial incidence of Gilles de la 
Tourette’s disease with observations on aetiology 
and treatment. Br J Psychiatry 122:655-658, 
1973. 

6. Golden GS: Tourette’s syndrome: The pedi- 
atric perspective. Am J Dis Child 131:531-534, 
1977. 

7. Moldofsky H, Tullis C, Lamon R: Multiple tic 
syndrome (Gilles de la Tourette’s syndrome). J 
Nerv Ment Dis 159:282-292, 1974. 


632 Arch Neurol—Vol 34, Oct 1977 


condition clinically apparent." 

A similar situation may also occur 
in another movement disorder, Hunt- 
ington’s chorea. In this autosomal 
dominant disease, precipitation of 
typical, choreiform movements by a 
diagnostic trial of levodopa may 
herald the spontaneous onset of the 
disease many years later.” 

The familial cases of Tourette’s 
syndrome referred to in the introduc- 
tion suggest autosomal dominant in- 
heritance.** Tourette’s syndrome 
does, however, show a predilection for 
males.' In this regard, it is of interest 
that our younger patient’s mother, 
who presumably transmitted a bio- 
chemical predisposition to Tourette's 
syndrome, did not display tics when 
treated with a CNS stimulant for 
weight reduction. 
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Precipitation or worsening of Tou- 
rette’s syndrome by CNS stimulants 
has now been documented in several 
independent reports. This may be a 
more common sequel to the drug 
treatment of excessive motor activity 
than previously recognized. Physi- 
cians using these agents should 
inquire about the presence of tics in 
patients and their families. 
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Primary Reticulum Cell 


Sarcoma of the Brain in 
Wiskott-Aldrich Syndrome 


© We report a case of Wiskott-Aldrich 
syndrome in a 3%2-year-old boy. The 
patient developed reticulum cell sarcoma 
primarily in the brain; a biopsy specimen 
was obtained, and treatment with irradia- 
tion and chemotherapy was begun. Com- 
puterized tomography performed after 
three months of therapy showed remark- 
able regression of tumor. When the 
patient died five months postoperatively, 
no viable tumor was present; death was 
the result of pneumonia and sepsis. Only 
two previous cases of lymphoreticular 
neoplasm confined to the brain and asso- 
ciated with this syndrome have been 
described. We discuss the relationship 
between immunodeficiency and the oc- 
currence of neoplasia in this syndrome. 

(Arch Neurol 34:633-635, 1977) 


he Wiskott-Aldrich syndrome, 
first described in 1937, is a sex- 
linked recessive disorder that is char- 
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Report of a Case 


Lawrence M. Model, MD 


acterized by severe thrombocytopenia, 
eczema, and recurrent infections. Pa- 
tients with this disorder also manifest 
a spectrum of humoral and cellular 
immune abnormalities. Natural anti- 
bodies are absent or low in titer, and 
antibody production after specific 
immunization, particularly with poly- 
saccharide antigens, is strikingly de- 
fective. Immunoglobulin abnormali- 
ties are usually manifest as low levels 
of serum IgM (including isohemagglu- 
tinins), frequently elevated levels of 
IgA, and normal levels of IgG. Values 
for IgD and IgE may vary. Evaluation 
of cellular immune function in this 
syndrome has shown additional abnor- 
malities. These patients are anergic to 
common microbial antigens, do not 
manifest contact sensitivity to dini- 
trochlorobenzene, and show markedly 
delayed skin allograft rejection. The 
proliferative response of lymphocytes 
to specific antigens is profoundly 
impaired. These findings suggest that 
abnormal regulation and control of 
lymphocyte-derived chemotactic fac- 
tor synthesis exists, and that this 
abnormality may inpair delayed hy- 
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persensitivity. This defect is com- 
pounded by a reduction in the number 
of circulating lymphocytes.’ 

Patients with Wiskott-Aldrich syn- 
drome, like those with all primary 
immunodeficiency disorders, are 
prone to develop malignant neo- 
plasms, especially of the reticuloendo- 
thelial system. This report is of a child 
with Wiskott-Aldrich syndrome in 
whom a reticulum cell sarcoma arising 
in and confined to the brain devel- 
oped. 


REPORT OF A CASE 


The patient was a 34-year-old boy with 
Wiskott-Aldrich syndrome who was first 
admitted in October 1973 at the age of 8 
months. He had diarrhea, conjunctivitis, 
right middle-lobe pneumonia, croup, ane- 
mia, a petechial rash, and an eczematous 
dermatitis. His second admission occurred 
at the age of 12 months because of dissem- 
inated varicella, and the diagnosis of 
Wiskott-Aldrich syndrome was made. A 
variety of delayed hypersensitivity skin 
tests were nonreactive. Immunoglobulin 
studies showed markedly increased IgG, 
IgA, and IgE levels, with a normal IgM 
level. The chickenpox was treated with 
cytarabine. 

Multiple admissions followed for treat- 
ment of infected eczema, thrombocytopen- 
ia, and uncontrolled epistaxis, viral gas- 
troenteritis, bloody diarrhea, and weight 
loss. 

In September 1975, he was hospitalized 
because of right hemiparesis thought to 
result from a small cerebral hemorrhage. 
Skull roentgenograms and an EEG were 
normal, but a computerized tomographic 
(CT) scan showed a density in the left 
frontal lobe. In December 1975, he suffered 
focal right-sided seizures thought to be due 
to an old cerebral vascular accident. A 
nuclide brain scan was equivocal and EEG 
was normal. 

In January 1976 a severe weakness 
suddenly developed, and he was unable to 
hold his head up. He was hypotonic and had 
bilateral retinal hemorrhages, large left 
occipital lymph nodes, seborrheic dermati- 
tis, scattered petechiae, multiple furuncles, 
spastic right hemiparesis, and left hemiple- 
gia, with sustained ankle clonus and bilat- 
eral Babinski’s signs. Split sutures were 
noted on skull roentgenograms, and a 
ventricular drain was placed. Computer- 
ized tomography with enhancement dis- 
closed the following three abnormal mass 
lesions: (1) in the corpus callosum and into 
the frontal lobe, (2) in the right basal 
ganglia-thalamic junction, and (3) in the 
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right parietal-occipital zone. 

On Jan 21, 1976, a right parietal crani- 
otomy was performed with partial removal 
of tumor and biopsy specimens of these 
three areas. Microscopic examination dis- 
closed a very cellular tumor composed of 
large undifferentiated rounded cells infil- 
trating surrounding tissue. A diagnosis of 
reticulum cell sarcoma was made. 

The patient recovered uneventfully from 
the operation. An extensive search for a 
primary site of the tumor was unproduc- 
tive. The patient received cerebral irradia- 
tion using a 4-meV linear accelerator deliv- 
ering 3,400 rads in fractions over six weeks. 
During this course he was treated with 
vincristine sulfate and prednisone. A CT 
sean in February again showed three 
masses. In March, the patient was given 
weekly doses of cyclophosphamide, mer- 
captopurine, and methotrexate. A nuclide 
brain scan on March 25, 1976, disclosed 
some residual uptake in the right parietal 
occipital region, but the left frontal mass 
was no longer evident. A CT scan on April 2 
showed remarkable regression of tumor, 
and chemotherapy was continued. 

The patient was readmitted on April 30, 
1976, because of dehydration, weight loss, 
and pneumonia. Thrombocytopenia contin- 
ued, and profound leukopenia necessitated 
suspension of chemotherapy. Nasogastric 
feeding was necessary. Despite therapy, 
the patient’s pneumonia continued to 
progress. Cultures of tracheal aspirates 
grew Candida albicans, hence clotrimazole 
and later, amphotericin-B were adminis- 
tered. 

In early June, a vesicular rash developed 
that became gangrenous and did not 
respond to antibiotics. Herpes zoster was 
suspected, and the patient improved after 
treatment with vidarabine. His condition 
continued to deteriorate, and he died on 
June 27. 

Necropsy was performed, and coronal 
sections through the cerebrum demon- 
strated multiple, fairly well-circumscribed 
tumor nodules throughout the brain. These 
varied in size from 1.5 to 5 em. No gross 
abnormalities of the cerebellum were 
noted. The lateral ventricles were dilated 
and distorted, with subependymal tumor 
nodules. Microscopic examination of these 
nodules showed complete necrosis of the 
tumor, with ghosts of round cells remain- 
ing. 

There was extensive interstitial pneu- 
monia, with organisms characteristic of 
Pneumocystis carinii. Scattered abscesses 
in the myocardium and kidneys contained 
cocci in clusters. The liver was enlarged 
and showed micronodular cirrhosis with 
mild inflammation. Changes in the reticu- 
loendothelial system were consistent with 
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immunodeficiency. The thymus was se- 
verely atrophic but not dysplastic. Lymph 
nodes and spleen contained no lymphoid 
follicles. Architecture was not disrupted, 
and both peripheral and medullary sinuses 
were patent. The medullary cords were 
hypercellular, with large numbers of plas- 
ma cells and immunoblasts admixed with 
lymphocytes. There was no evidence of 
tumor in viscera or lymph nodes. Death 
was attributed to respiratory insufficien- 
cy, pneumonia, and sepsis. 


COMMENT 


This patient is of particular interest 
because he had a primary reticulum 
cell sarcoma of the brain, a lesion only 
twice previously described in associa- 
tion with Wiskott-Aldrich syndrome. 
Brand and Marinkovich*® reported a 
case of primary reticulosis of the 
brain of a 3-year-old child. Heidel- 
berger and LeGolvan’ reported a case 
with survival to the age of 19 years. A 
primary reticulum cell sarcoma in the 
brain developed in their patient and 
was biopsied and treated with irradia- 
tion and chemotherapy. When the 
patient expired 4% months later, no 
tumor was present; death was due to 
bronchopneumonia.® Our patient was 
also treated with irradiation and 
chemotherapy. Necropsy disclosed no 
evidence of malignancy elsewhere, 
and the tumor nodules were complete- 
ly necrotic. 

A number of reports have indicated 
that persons with primary abnormali- 
ties of the immune system are at high 
risk for development of cancer. The 
Immunodeficiency-Cancer Registry 
has recorded 151 tumors in 145 
patients with primary immunodefi- 
ciency syndromes, including 24 pa- 
tients with Wiskott-Aldrich syn- 
drome. The majority of tumors were 
lymphoreticular or leukemia. Their 
findings were consistent with the 
hypothesis that individuals with pri- 
mary immunodeficiency syndromes 
have intrinsic abnormalities of the 
lymphoid system that result in in- 
creased frequency of malignant trans- 
formation and inability to eliminate 
transformed cells.’ Most of the pri- 
mary immunodeficiency syndromes 
result in early death from severe 
infection, yet there is a 10% chance of 
cancer developing in patients with 
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Wiskott-Aldrich syndrome 
their short lifetime.’ 

Lymphoreticular tumors in the CNS 
are uncommon, representing only 
-04% to 1.5% of primary brain tumors.’ 
Yet six of 15 cases of Wiskott-Aldrich 
reviewed by Heidelberger and LeGol- 
van’ showed involvement of the CNS 
by lymphoreticular neoplasms. These 
included two patients with primary 
reticulum cell sarcoma and four 
patients with malignant reticuloendo- 
theliosis and multiple organ involve- 
ment. Two of 15 patients had nonlym- 
phoreticular neoplasms. This high 
incidence (53%) of CNS involvement 
by neoplasm is probably related to 
immune deficiency superimposed on 
the brain’s generally poor rejection 
potential.’ 

To evaluate the possibility that 
abnormalities of nonlymphoid tissues 
might be responsible for the inordi- 
nate frequency of malignant transfor- 
mation, studies were made comparing 
the rate of SV 40 virus transformation 
in patients with genetic disorders 
associated with a high risk of malig- 
nancy and in patients with primary 
immunodeficiency disease. The genet- 
ic disorders had a high rate of SV 40 


during 
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transformation, whereas the primary 
immunodeficiencies (with one excep- 
tion) had a normal frequency. Thus, 
defects in immune surveillance, rather 
than intrinsic cellular defects, appear 
to be responsible for the development 
of tumors in the primary immunodefi- 
ciency syndromes.‘ 

However, Takemoto et al have 
reported the isolation of a hemagglu- 
tinating papovavirus from a reticulum 
cell sarcoma of the brain and from the 
urine of an 11-year-old patient with 
Wiskott-Aldrich syndrome. While 
there is no proof that this virus was 
the causative agent, polyoma viruses 
have been reported to induce tumors 
more readily in immunosuppressed 
animals. Furthermore, SV 40 viruses 
have produced malignant lymphomas 
including reticulum cell sarcomas in 
hamsters.’ 

Solid lymphoid malignancies are 
virtually unknown in immunologically 
normal children. Thus, their oc- 
currence in children with immunodefi- 
ciencies is significant." However, 
patients suffering from primary im- 
munodeficiency diseases have not suc- 
cumbed with any increased frequency 
to the more common malignancies of 
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childhood, eg, neuroblastoma, Wilm’s 
tumor, retinoblastoma, and rhabdo- 
myosarcoma. Furthermore, most of 
the lymphoreticular malignancies and 
leukemias are histologically different 
from the subacute lymphatic leukemia 
that is the predominant cancer of 
childhood.’ Further clinical and exper- 
imental investigation is necessary 
before we understand this apparent 
inconsistency. 


CONCLUSION 


Defects in immune surveillance de- 
fects may be responsible for the high 
incidence of malignancy in the pri- 
mary immunodeficiency syndromes. 
Patients with Wiskott-Aldrich syn- 
drome have a 10% chance for the 
development of cancer, with lympho- 
reticular neoplasia or leukemia pre- 
dominating. Current treatment can be 
effective. 
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Brain Stem Toxoplasmosis 


Complicating Hodgkin’s Disease 


Hilliard E. Slavick, MD, Ivan J. Lipman, MD 


e We describe a unique case of CNS 
toxoplasmosis in a patient with stage IV B 
Hodgkin’s disease. The initial neurolog- 
ical manifestation was Weber’s syn- 
drome. The only laboratory abnormality 
was moderate elevation of CSF protein 
level. Postmortem examination showed 
parenchymal toxoplasma infiltration 
throughout the intramedullary course of 
the right oculomotor nerve in the mid- 
brain, without meningeal involvement. 

(Arch Neurol 34:636-637, 1977) 


Beate nervous system infection 
with the parasite Toxoplasma 
gondii occurs as an infrequent but 
important complication in patients 
with malignancy who take immuno- 
suppressive medication. Central ner- 
vous system involvement takes vari- 
ous forms, both focal and diffuse, 
meningeal and parenchymatous. We 
report a patient with Hodgkin’s 
disease in whom Weber’s syndrome 
developed while she was taking immu- 
nosuppressive drugs. Pathological ex- 
amination showed diffuse parenchym- 
atous infiltration of the upper brain 
stem secondary to Toxoplasma infec- 
tion, without meningeal involvement. 
This is the first case reported showing 
this clinicopathological manifestation 
of CNS toxoplasmosis. 


REPORT OF A CASE 


A 15-year-old diabetic woman with a 
two-year history of Hodgkin's disease, 
stage IV B, entered Loyola-Foster G. 
McGaw Hospital on May 2, 1974. Drooping 
of the right eyelid and associated diplopia 
had developed suddenly three days prior to 
admission. There had been no recent fever, 
systemic symptoms, or pulmonary symp- 
toms. 
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During the previous two years, she had 
been treated with a 14-day “MOPP” 
regimen on three different occasions for 
Hodgkin’s disease. This consisted of me- 
chlorethamine hydrochloride, 4.5 mg, and 
vincristine sulfate, 1 mg, administered on 
day 1 and 8, along with procarbazine 
hydrochloride, 75 mg, and prednisone, 60 
mg daily for 14 days. 

Neurologic examination showed ptosis of 
the right upper lid. The pupils were round, 
equal, and reacted normally to light and to 
near vision. Ocular movements were nor- 
mal. Mild weakness of dorsiflexion of the 
left foot and a left extensor toe sign were 
present. The impression was a partial 
Weber’s syndrome, secondary to a right- 
sided midbrain lesion. 

Cerebrospinal fluid analysis was per- 
formed three times, and results were 
normal except for moderate elevation of 
protein level (86 to 146 mg/100 ml). Indi- 
rect fluorescent antibody testing for toxo- 
plasmosis was negative. Serologic serum 
titers and skin testing for common fungi 
were negative. Chest roentgenograms 
showed mild cardiomegaly, with clear lung 
fields. Radionucleide brain scan, EEG, 
skull roentgenograms, and four-vessel ce- 
rebral angiography were all within normal 
limits. Routine general laboratory studies 
were unremarkable, excepting mild leuko- 
penia. 

On May 8, 1974, radiation therapy was 
started with 200 rads every other day for 
ten days to the area of the right third 
cranial nerve. Increasing difficulty with 
gait and coordination developed. On May 
16, the right pupil became fixed and 
dilated, and right ptosis increased. By May 
23, left ptosis developed, and the left pupil 
was sluggishly reactive to light. The right 
eye was immobile. Paralysis of the left 
inferior oblique and medial and superior 
recti was noted. Bilateral upper and lower 
extremity weakness, spasticity, diffuse 
hyperreflexia, and bilateral Babinski’s 
signs were present. The patient’s condition 
deteriorated progressively, and she died on 
June 7, 1974. 


PATHOLOGIC EXAMINATION 
Postmortem examination showed 


pathologic findings limited to the 
bone marrow and brain stem paren- 
chyma. The bone marrow contained 
marked fibrotic replacement, numer- 
ous histiocytes, and Reed-Sternberg 
cells. There was no other evidence of 
systemic Hodgkin’s disease. 

The brain weighed 1,480 gm. Exter- 
nal examination showed normal sur- 
face anatomy, leptomeninges, cranial 
nerves, and vasculature. Gross patho- 
logical findings on coronal sections 
were limited to the mesencephalon, 
where red-grey discoloration ex- 
tended ventrally from the periaque- 
ductal area to the intracrural fossa 
(Fig 1). Although this discoloration 
was most prominent medially, it 
extended bilaterally to the lateral 
margins of the midbrain and was 
greatest on the right side in the area 
of the substantia nigra. These lesions 
extended in the rostral-caudal axis 
from the level of the mammillary 
bodies to the uppermost pons. 

Toxoplasma pseudocysts were seen 
in sections from the diencephalon 
stained with hematoxylin and eosin 
and with methenamine silver. Necro- 
tizing cerebritis was found microscop- 
ically in the diencephalon adjacent to 
the third ventricle, in the mesencepha- 
lon, and in the rostral pons. This cere- 





Fig 1.—Discolored lesions of mesenceph- 
alon prominent bilaterally in tegmentum 
above substantia nigra (37% formalde- 
hyde-fixed gross specimen). 
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Fig 2.—Diffuse necrotizing cerebritis in floor of third ventricle and periventricular area 
bilaterally (hematoxylin-eosin, x 660). Note leukocytic infiltration (black arrows) and 
toxoplasma pseudocyst (clear arrow). Inset, Toxoplasma pseudocyst ( x 6,400). 


britis was considered to be due to 
rupture of intraparenchymal toxo- 
plasma pseudocysts and was most 
severe in the region of the oculomotor 
nuclei and along the intramedullary 
course of the oculomotor nerves. 
Histological findings within these 
areas included focal and diffuse infil- 
tration with polymorphonuclear leu- 
kocytes, reactive microgliosis, perivas- 
cular lymphocytic infiltration, edema- 
tous vacuolization, and tissue necrosis 
(Fig 2). Especially prominent was 
diffuse polymorphonuclear infiltra- 
tion of the right oculomotor nerve. 
Neoplastic infiltration was not seen 
anywhere in the CNS. 


COMMENT 


Toxoplasmosis associated with ma- 
lignancy has a high predilection for 
invasion of the CNS, and the litera- 
ture contains numerous reports of 
such cases. ° The spectrum of infec- 
tion has ranged from space occupying 
mass lesions, with abnormal cerebral 
angiography and brain scan** to 
meningoencephalitis with moderate 
CSF lymphocytosis.’ Clinical mani- 
festations have included headaches 
and changes in mental status**? and 
rarely multiple cranial nerve palsies 
and seizures,’ along with the clinical 
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manifestations of foeal hemipheric 
mass lesions. Toxoplasmosis has been 
described most frequently in associa- 
tion with Hodgkin’s disease, but it has 
also occurred with lymphosarcoma, 
reticulum cell sarcoma, acute and 
chronic leukemias, multiple myeloma, 
and in immunosuppressed patients 
after renal and cardiac transplanta- 
tion.’ In cases of toxoplasmosis asso- 
ciated with malignancy, the patients 
all had their malignancies for periods 
of more than one year, and all had 
received chemotherapy, irradiation, or 
both prior to the onset of toxoplasmo- 
sis.’ 

If untreated, CNS toxoplasmosis is 
fatal within one week to several 
months. Cerebrospinal fluid findings 
are usually either normal or mildly 
abnormal and nonspecific. Spinal fluid 
studies in prior cases of cerebral toxo- 
plasmosis have included elevation of 
protein levels to 40 to 184 mg/100 ml.' 
Cerebrospinal fluid cell counts varied 
from 0 to 100 cells, predominantly 
lymphocytes. Glucose values were nor- 
mal. Low CSF cell counts, negative 
bacterial and fungal cultures, and 
modestly elevated CSF protein levels 
in an immunologically suppressed pa- 
tient should raise a suspicion of cere- 
bral toxoplasmosis. Support for the 


diagnosis should be based on rising 
complement fixation, Sabin dye indi- 
cations, and indirect fluorescent anti- 
body titers.*'° Plasma specimens are 
obtained two weeks apart, and rising 
titers indicate the presence of an 
active infection. The more highly 
specific and sensitive IgM fluorescent 
antibody test demonstrates early ap- 
pearance of IgM antibodies that 
thereafter fall to very low titers as 
IgA antibody levels rise.**?° Thus, if 
IgM antibody levels are very low or 
absent, with elevated serum dye, indi- 
rect fluorescent antibody, comple- 
ment fixation, and serum IgG anti- 
body titers, a presumptive diagnosis 
of toxoplasmosis infection can be 
made. The negative serology in this 
patient was obtained on a serum 
sample taken early in the patient’s 
illness. Unfortunately, subsequent 
specimens were not obtained. 
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tion of the portion of this manuscript dealing 
with the pathological findings. 


Nonproprietary Names and 
Trademarks of Drugs 


Procarbazine hydrochloride—Matulane. 
Vincristine sulfate—Oncovin. 
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CNS Lesions in Cystinuria 


Charles R. B. Blackburn, MD, James G. McLeod, MB, DPhil 


e A man with cystinuria developed, at 
the age of 23, a neurological disorder with 
relapses and remissions similar to multi- 
ple sclerosis. This is the third docu- 
mented case of cystinuria with central 
neuraxis lesions, and it is suggested that 
neurological complications may occur in 
cystinuria more frequently than is gener- 
ally recognized. 

(Arch Neurol 34:638-639, 1977) 


Ithough neurological complications 
are known to occur in a number 
of disturbances of amino acid metabo- 
lism, such as phenylketonuria, maple 
syrup disease, and homocystinuria, 
they are not generally recognized in 
cystinuria.’’ In the present report, a 
neurological disorder resembling mul- 
tiple sclerosis in a young man with 
eystinuria is described. This is the 
third documented case of cystinuria 
with central nervous system lesions. 


REPORT OF A CASE 


The patient was first seen in 1962 at the 
age of 18 with a two-year history of renal 
colic, hematuria, and the passage of stones 
and gravel in his urine. There was no 
family history of renal stones nor of neuro- 
logical disease. Chemical analysis of the 
stones demonstrated that they were com- 
posed of cystine. Paper chromatography 
and high-voltage electrophoresis demon- 
strated that cystine, lysine, and arginine 
were present in excess. Screening was not 
performed for ornithine. Urinary cystine 
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concentration was 36.5 mg/100 ml (normal, 
< 10 mg/100 ml), and the urinary cystine- 
creatinine ratio was 359 mg/gm (normal, 0 
to 80 mg/gm). In spite of treatment with 
low-cystine, 60-mg protein diet, high fluid 
intake, and penicillamine, 2 gm/day, the 
symptoms persisted. Radioisotope renal 
scan and intravenous pyelography dis- 
closed bilateral renal disease with extreme- 
ly poor function of the left kidney. Left 
ureterolithotomy was performed in 1963, 
and an ileal replacement of the left ureter 
was undertaken in 1965. Frequent attacks 
of right-sided renal colic have continued to 
occur until the present time. 

In December 1965, two nonfocal grand 
mal seizures occurred. Skull roentgeno- 
gram, cerebrospinal fluid, and radionuclide 
cerebral scan were normal. Electroenceph- 
alogram showed nonspecific 4- to 7T-Hz 
activity without focal or specifically epilep- 
tic features. Treatment with phenytoin 
sodium, 100 mg three times a day, was 
commenced and no further seizures oc- 
curred. 

In April 1967, he developed paresthesia, 
numbness in both arms below the elbows, 
and some clumsiness and incoordination of 
the hands. About two weeks later, pares- 
thesia and numbness were also experi- 
enced in the lower limbs below the knees. 
Physical examination at this time revealed 
brisk reflexes, flexor plantar responses, 
subjective impairment of pain sensation in 
a glove-and-stocking distribution, impair- 
ment of position and vibration sense in 
fingers and toes, more pronounced on the 
left side, and impairment of two-point 
discrimination. Electrophysiological stud- 
ies showed that motor and sensory nerve 
conduction velocities were within normal 
range. The symptoms resolved after about 
five weeks. 

In September 1967, the patient devel- 
oped numbness in his right leg, which 
spread, over a period of about two weeks, 


to the level of his waist. These symptoms 
were associated with weakness of the right 
leg, which became progressively worse. 
During the subsequent weeks he experi- 
enced hesitancy of micturition, diplopia on 
looking to the left, and weakness and 
paresthesia of his left leg. He was admitted 
to the hospital for investigation. On exam- 
ination there was horizontal jerk nystag- 
mus to right and left. Optic fundi appeared 
normal. Jaw jerk was pathologically brisk 
and muscle stretch reflexes were hyperac- 
tive in the lower limbs. Plantar responses 
were extensor bilaterally and superficial 
abdominal reflexes were absent. There was 
incoordination of the right heel-shin test 
that was out of proportion to the degree of 
weakness. He walked with a spastic-ataxic 
gait. Light touch was normal, but pain 
sensation was impaired to the right lower 
limb to the level of the knee, and over the 
left foot. Position sense was impaired at 
the right big toe, and vibration sense was 
absent in the right lower limb to the level 
of the iliac crest and at the left ankle. 
Complete blood cell count, erythrocyte 
sedimentation rate, serum electrolyte val- 
ues, blood urea level, liver function, serum 
protein values, plasma electrophoresis re- 
sults, urinary copper concentrations, skull 
and spine x-ray films, and cerebral scan 
were normal. Minor nonspecific slow-wave 
abnormalities were present in the EEG. 
Lumbar puncture was performed five days 
after admission. Cerebrospinal fluid values 
were as follows: opening pressure, 180 mm 
H.O; lymphocytes, 12/cu mm (no or- 
ganisms cultured); protein, 56 mg/ 100 ml; 
glucose, 66 mg/100 ml (y-globulin-total 
protein ratio, 13.6%); Wassermann reac- 
tion, nonreactive. Lumbar puncture was 
repeated nine days later: CSF contained 
six lymphocytes per cubic millimeter, and 
protein concentration was 56 mg/100 ml. 
Considerable improvement took place, 
and the patient was discharged after four 
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weeks without paresthesia or sphincter 
disturbances but with some residual spas- 
ticity in the lower limbs. 

In December 1967, he was readmitted to 
the hospital with a one-week history of 
progressive weakness of his left leg and 
left arm. He also complained of diplopia, 
difficulty in micturition, a sensation of a 
band-like constriction in the midthoracic 
region, and a positive Lhermitte’s sign. On 
examination there was nystagmus on right 
horizontal gaze; there was no faeial weak- 
ness. There was marked spasticity and 
weakness of the left upper and lower limbs. 
Deep tendon reflexes were increased; 
plantar responses were flexor. Coordina- 
tion was normal. There was no sensory 
level. Position and vibration sense were 
impaired at fingers and toes. 

Lumbar puncture was performed two 
days after admission. Cerebrospinal fluid 
findings were as follows: lymphocytes, 9/ 
cu mm; protein, 85 mg/100 ml; (y-globulin- 
total protein ratio, 20%): glucose, 73 mg/ 
100 ml. No organisms were cultured. 
Wassermann reaction was nonreactive. 
Examination of the CSF five days later at 
the time of normal myelography revealed 
41 lymphocytes per cubic millimeter and 
protein concentration of 83 mg/100 ml. 

The patient was treated with a course of 
corticotropin, 80 units per day reduced over 
three weeks, and improvement occurred. 
He was discharged from the hospital six 
weeks after admission, walking with the 
aid of a stick. 

In September 1969, he was readmitted 
with a two-week history of hyperesthesia 
of the right leg, weakness of the left leg, 
and ataxia of gait. Fundi were normal and 
there was no nystagmus. Power and tone 
were normal in the upper limbs, but there 
was an intention tremor of the left hand. 
There was increased tone and weakness of 
the left lower limb. All musele stretch 
reflexes were hyperactive. Plantar 
responses were extensor. There was a 
sensory level to pinprick at Two, On the 
right side. Position and vibration sense 
were impaired in the toes of both feet. 
Improvement occurred following another 
course of corticotropin and physiotherapy, 
and he was discharged from the hospital 
after four weeks. 

During the subsequent year, the patient 
had three exacerbations of weakness of the 
left leg and urgency of micturition. Except 
for increased weakness of the left lower 
limb, the physical signs remained sub- 
stantially unchanged and were those of 
Spastic quadriparesis, with impairment of 
position and vibration sense predominant- 
ly in the lower limbs. He was last seen in 
September 1970, after which time he 
moved to another state. 
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COMMENT 


The diagnosis of eystinuria in the 
patient was well established by chem- 
ical analysis of renal stones and by 
paper chromatography and high- 
voltage electrophoresis of urine. The 
urinary cystine-creatinine ratio of 359 
mg/gm was markedly elevated and in 
the range usual for homozygotes. 

Although myopathy has been de- 
scribed*® and mental retardation®? 
and psychiatric disturbances* are 
known to be associated with cystinu- 
ria, other central nervous system 
manifestations are not generally 
recognized.’ Banerji and Millar? de- 
scribed a 48-year-old woman with 
eystinuria who developed, over a 
period of four months, progressive 
weakness, numbness and paresthesia 
of the lower limbs, and subsequently 
mental confusion and urinary reten- 
tion. The signs of spastic paraplegia 
with impairment of all modalities of 
sensation in the lower limbs were 
similar to those of subacute combined 
degeneration of the spinal cord. Two 
sisters had also developed a rapidly 
progressive paraparesis. De Myer and 
Gebhard" reported the ease of an 18- 
year-old man with a history of several 
years of increasing diffieulty in walk- 
ing and intermittent incontinence. He 
was found to have a spastic parapar- 
esis with impairment of position and 
vibration sense in the lower limbs. Our 
patient is similar to these in that there 
is clinical evidence of posterior column 
and corticospinal tract involvement, 
but differs in the following respects: 
there were several relapses and remis- 
sions, there was clinical evidence of 
multiple lesions, and there was an 
increase in the number of lympho- 
cytes and of the y-globulin fraction in 
the CSF. The other reported cases had 
normal CSF findings and a progres- 
Sive course, although in one there was 
a spontaneous remission of mental 
confusion and incontinence.’ 

Homozygous cystinuria occurs in 
about one in 10,000 of the population,’ 
and the prevalence of multiple scle- 
rosis in Sydney is about one in 20,000. 
The likelihood of a chance association 
of the two conditions is therefore very 
small. The present report, taken in 
association with the two other docu- 
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mented cases of cystinuria in which 
there was also clinical evidence of 
lesions in the central neuraxis white 
matter, suggests that the neurological 
syndrome, with a clinical course that 
may be either progressive or remit- 
ting, is an occasional complication of 
the condition. 

The biochemical basis for the cen- 
tral nervous system involvement must 


remain speculative, but presumably. 


there is a defect of amino acid trans- 


port in the nervous system similar to _ 


that in the kidney and gastrointes- 
tinal tract." In multiple sclerosis there 
are no consistent changes in the 
concentration of cystine or other 
amino acids in the CSF or myelin. 2 
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Herpes Zoster Ophthalmicus 


With Contralateral Hemiplegia 


Riccardo Pratesi, MD; Frank R. Freemon, MD: James L. Lowry, MD 


èe A 48-year-old man developed left 
hemiparesis nine weeks after herpes 
zoster skin lesions had appeared over the 
right forehead. Cerebral angiography 
showed bilateral changes consistent with 
cerebral arteritis. The patient's condition 
worsened after the angiographic proce- 
dure. Reports from the literature as well as 
the present case suggest that arteritis and 
ischemia best explain contralateral neu- 
rological symptoms that occur suddenly 
following herpes zoster ophthalmicus. 

(Arch Neurol 34:640-641, 1977) 


Hees occurring a few weeks 
after and contralateral to herpes 
zoster ophthalmicus forms a well-de- 
scribed syndrome.’ Angiography has 
suggested an arteritic intracranial 
process,** and temporal artery biopsy 
has shown inflammation in an ipsilat- 
eral extracranial vessel.’ 

We describe a patient in whom 
repeated angiography showed a 
spreading of the process, eventually 
affecting cerebral vessels bilaterally. 
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Substantial worsening followed the 
second angiographic procedure. 


REPORT OF A CASE 


A 48-year-old man in good health devel- 
oped severe pain around the right eye, 
followed by. a vesicular rash on the right 
forehead. An ophthalmologist diagnosed 
herpes zoster and prescribed corticoste- 
roids. During the next four weeks, the pain 
subsided and the rash faded, but mental 
changes developed. Examination showed 
mild right eyelid edema and severe confu- 
sion. A radionuclide brain scan, a compu- 
terized tomographic scan, and skull roent- 
genograms were normal. An EEG showed 
right-sided slow activity. A lumbar punc- 
ture disclosed xanthochromic spinal fluid 
with a protein concentration of 116 mg/100 
ml but no cells. Bilateral carotid arterio- 
grams ten weeks after onset of the vesic- 
ular rash showed narrowing of the right 
posterior cerebral artery (Fig 1). The day 
following the angiogram, left hemiparesis 
was noted. 

The patient improved slightly during the 
next two weeks and was transferred to the 
Nashville (Tenn) Veterans Hospital. He 
was slightly lethargic and the right eyelid 
was edematous. The patient had decreased 
memory for recent events, with a short 
attention span. Impairment of abduction 
and elevation of the right eye and a fixed 
and dilated right pupil were found. The 
remainder of the cranial nerves and the 
optic fundus were normal. The left side 


was severely paretic, with limbs barely 
moved against gravity. Muscle stretch 
reflexes were more active on the left with a 
left Babinski sign. Normal values on 
admission included blood cell count with 
differential cell count, urinalysis, latex 
fixation, antinuclear antibody, six- and 12- 
factor automated blood chemistry analysis, 
VDRL, ECG, and chest and skull roentgen- 
ograms. Lumbar puncture showed clear, 
colorless fluid with no cells, a glucose level 
of 83 mg/100 ml and a protein level of 79 
mg/100 ml. Radionuclide scan was normal. 
An EEG showed continuous slow activity 
on the right. 

Little change occurred in the patient’s 
clinical condition during the next month. 


Fig 1.—Initial right carotid arteriogram. 
Posterior cerebral artery shows irregu- 
larity consistent with arteritis. Anteropos- 
terior view (not shown) showed no middle 
cerebral artery involvement. 
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Fig 2.—Second carotid arteriogram. Ante- 
roposterior projections of right (top) and 
left (bottom) carotid arteriograms demon- 
Strate proximal segmental narrowing of 
both middle cerebral arteries. 


He received prednisone in a dosage 
varying between 120 mg/day and 50 mg 
every other day since his first hospitaliza- 
tion, and we suspected that delusional 
thinking might be due in part to this 
medication. Bilateral carotid angiograms 
via femoral approach were performed to 
determine if vasculitis was still present, 
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and hence if continued corticosteroid ther- 
apy was necessary. Following the initial 
injection into the right common carotid 
artery, the patient immediately com- 
plained of intense right facial pain with 
flushing. Concomitantly, the left-sided 
weakness changed to a dense hemiplegia 
with the addition of a left homonymous 
hemianopsia. After an hour the procedure 
was continued without further difficulty. 
Narrowing of the proximal right middle 
cerebral artery, with stasis in one ascend- 
ing frontoparietal branch, was evident 
(Fig 2). No filling occurred in the right 
anterior cerebral and posterior cerebral 
arteries. Proximal narrowing of the left 
middle cerebral artery was seen. Bilater- 
ally, the internal carotid arteries were 
normal. 

In the ensuing months, with corticoste- 
roid therapy, the patient showed improve- 
ment in mental status and slight improve- 
ment in the hemiplegia. 


COMMENT 


The reported cases of herpes zoster 
ophthalmicus with contralateral hemi- 
plegia form a characteristic syn- 
drome.'’ Vesicles appeared over half 
the forehead and sometimes over the 
ipsilateral nose and cheek; some 
patients complained of unilateral 
blurred vision due to corneal ulcera- 
tion. Contralateral hemiplegia oc- 
curred in each patient, usually a few 
weeks after the eruption. In individ- 
uals with a right hemiplegia, aphasia 
frequently accompanied the motor 
symptoms. Every patient demon- 
strated a Babinski sign on the same 
side as the hemiplegia, and three had 
bilateral upgoing toes. In three cases 
there was an associated dysfunction 
of cranial nerve III ipsilateral to the 
involved cranial nerve V. Cerebrospi- 
nal fluid, though frequently normal, 
sometimes contained a few mononu- 
clear cells and a slight elevation of 
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protein concentration. Walker and 
colleagues? were the first to demon- 
strate angiographic changes in the 
cerebral arteries. Their patient 
showed segmental constriction in the 
proximal middle cerebral and anterior 
cerebral arteries with stasis, findings 
similar to those in our patient. Subse- 
quently, Gilbert” described a patient 
demonstrating segmental narrowing 
of the right interal carotid siphon. Our - 
case is distinctive in that bilateral 
changes along the course of the prox- ; 
imal middle cerebral arteries were 
demonstrated. Victor and Green® 
found inflammation but no viral parti- 
cles in a temporal artery biopsy speci- 
men. Granulomatous or giant cell — 
arteritis has been found in many cere- : nS 
bral vessels in two patients following { 
herpes zoster ophthalmicus."? Corti- 
costeroids are usually used in treat- 
ment, although some patients have | g 
developed the hemiparesis while al- 
ready receiving this medication in 
high dosages. p 
In the present case, hemiparesis 
was first noted the day after a cere- 
bral angiogram, although there is no 
evidence that these two events were _ 
causally related. There was an imme- 
diate adverse reaction to the second 
angiogram, with flushing and severe 
pain ipsilateral to the injection, on the 
side of the herpes zoster. This was 
probably a “vasomotor” rather than 
an urticarial or anaphylactoid allergic 
reaction. Patients with this syn- 
drome may not have an increased risk 
of adverse angiographic reaction; nev- 
ertheless, it seems that the clinical 
picture of a hemispheric stroke a few : 
weeks following herpes zoster oph- 
thalmicus is well enough established 
that angiography can be avoided in 
the future. 
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Alternating Proptosis 


A Case Report of Acute Orbital Myositis Defined by the 


Computerized Tomographic Scan 


James R. Keane, MD 


è A 27-year-old woman had a two-week 
course of acute painful right proptosis 
with ptosis, medial conjunctival injection, 
and restriction of eye movements—partic- 
ularly abduction. One month later, a 
similar remitting painful left proptosis with 
complete limitation of abduction devel- 
oped. Computerized tomographic x-ray 
scanning showed marked contrast en- 
hancement of both medial rectus mus- 
cles, documenting the presumptive diag- 
nosis of acute orbital myositis without 
recourse to invasive diagnostic tech- 
niques. Myositis is a common component 
of idiopathic orbital inflammatory disease 
(orbital pseudotumor), but awareness of 
the rare patient with acute inflammation 
clinically localized to the extraocular 
muscles will decrease confusion with 
cranial nerve and cavernous sinus dis- 
ease. 

(Arch Neurol 34:642-643, 1977) 


] T eaae inflammatory conditions 
involving the orbit and cavernous 
sinus present a major diagnostic chal- 
lenge. In the absence of clues to patho- 
genesis, clinical descriptions are based 
on visible or presumed sites of 
involvement. After inflammatory tu- 
mor reactions and infectious causes 
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have been eliminated and better- 
defined inflammatory diseases such 
as sarcoidosis, Wegener’s granuloma, 
and polyarteritis nodosa considered, a 
number of cases of acute self-limited 
inflammation remain. These have 
been variously described as acute 
orbital myositis, tenonitis, scleroten- 
onitis, posterior scleritis, acute orbital 
pseudotumor, and acute thyroid oph- 
thalmopathy when the orbit is in- 
volved; and as the superior orbital 
fissure syndrome, Collier’s syndrome, 
the Tolosa-Hunt syndrome, and oph- 
thalmoplegic migraine when retro- 
orbital. 

No precise histologic or geographic 
division exists among the various idio- 
pathic orbital inflammations, and the 
present tendency is to lump all varia- 
tions under the unfortunate term “or- 
bital pseudotumor.”*’ However, there 
are sufficient cases** identical to the 
following patient, in which the extra- 
ocular muscles are the major site of 
transient inflammation, for the diag- 
nosis of acute orbital myositis (AOM) 
to be of practical clinical value, 
pending a more rational basis for clas- 
sification. 


REPORT OF A CASE 


A 27-year-old previously healthy woman 
awoke with pain, redness, and mild 
swelling about the right eye. Her symp- 


toms progressed slightly over the next two 
days despite antibiotic therapy for pre- 
sumed orbital cellulitis. 

Admission examination showed right- 
sided eye findings of 5 mm proptosis, mild 
upper-lid and conjunctival edema, and 
dilated conjunctival vessels, particularly at 
the medial canthus. Movements of the 
right eye, especially abduction, were pain- 
fully limited. The rest of the results of the 
ocular examination were normal, as was 
her general physical examination. The ESR 
was consistently elevated at 50 mm/hr; 
otherwise, results of her blood studies were 
normal. Radiographs showed a right maxil- 
lary sinus soft tissue density; antral punc- 
ture of the maxillary sinus showed serous 
fluid without evidence of infection; and 
subsequent sinus radiographs were normal. 
Her eye involvement continued to progress 
for several days after admission and then 
slowly and completely resolved during the 
next two weeks. 

One month after the onset of her initial 
symptoms, she noted identical acute pain, 
redness, and swelling about her other eye. 
On readmission, the right eye appeared 


Fig 1.—Left proptosis, mild ptosis, and 
severe limitation of abduction are evident 
on attempted left gaze. 
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Fig 2.—A, Computerized tomographic scan before contrast injection, showing promi- 
nence of medial rectus muscles. B, Computerized tomographic scan in same plane after 
contrast injection showing marked asymmetric enhancement of medial recti. 


normal, and she had left-sided eye findings 
of 3 mm of proptosis, mild generalized 
conjunctival injection, particularly over the 
medial rectus muscle insertion, and mild 
upper-lid edema with slight ptosis. Mild 
limitation of abduction with accompanying 
pain at the medial canthus progressed 
during the next several days to complete 
paralysis of abduction (Fig 1). 

The ESR was again elevated (45 mm /hr), 
but results of the VDRL, antinuclear anti- 
body titers, a latex fixation test, and 
thyroid function studies were normal. 
Ultrasound studies showed a mass at the 
medial aspect of each orbit, larger on the 
left side. Computerized tomographic (CT) 
X-ray scanning demonstrated asymmetric 
prominent medial rectus muscles, with 
dramatic enhancement along the entire 
muscle length after contrast injection 
(Fig 2) 

Her orbital signs and Symptoms com- 
pletely resolved over a two-week period—a 
course identical to the initia] right orbital 
involvement. She has had no further eye 
problems in the six months since leaving 
the hospital. 


COMMENT 


The course and findings in the 
present case are very similar to that of 
a small group of patients with orbital 
inflammation best characterized as 
acute orbital myositis.** An abrupt 
onset of periorbital pain increasing on 
eye motion is rapidly followed by mild 
proptosis, with conjunctival and upper 
lid edema and the appearance of 
dilated vessels overlying the hori- 
zontal muscle insertions. The limita- 
tion of eye movements is highly vari- 
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able but usually severe in relation to 
the mild proptosis. Progression ceases 
within one week, and the eye returns 
to normal during the next two to eight 
weeks. The patient is afebrile and has 
a normal WBC count, syphilis serol- 
ogy, thyroid function studies, and 
screening tests for vasculitis, Fre- 
quent malaise and elevation of the 
ESR indicate systemic disease but 
rarely can any definite connective 
tissue disease be diagnosed.° Steroid 
therapy frequently appears to hasten 
resolution. 

The differential diagnosis of the 
initial episode includes bacterial cellu- 
litis, inflammatory tumor reaction, 
acute orbital pseudotumor syndromes, 
and perhaps acute thyroid ophthal- 
mopathy. Remitting cavernous sinus 
syndromes share similar features of 
pain, a self-limited course with rare 
residual signs, frequent elevation of 
the ESR, and probable steroid respon- 
siveness, but are distinguished by a 
pattern of discrete cranial nerve 
involvement and absence of signifi- 
cant proptosis. 

“Chronic orbital myositis” is an 
even less well-defined condition, with 
minimal inflammation and a pro- 
tracted course, but reliable differen- 
tiation from thyroid ophthalmopathy 
is probably impossible.'-2-" 

Cases reported as acute scleroteno- 
nitis, tenonitis, and posterior scleritis 
include patients identical to present 
one, as well as many with prominent 
posterior globe inflammation.*.7-* Six 


of Bertelson’s cases of sclerotenonitis 
had signs restricted to exophthalmos 
and limitation of eye movement, with 
one patient experiencing yearly epi- 
sodes in one eye or the other for six 
years. Similarly, six episodes of 
alternating painful ophthalmoplegia 
and proptosis occurred during a seven- 
year period in a patient considered to 
have ophthalmoplegic migraine.” 
Although the evaluation of prop- 
tosis has been revolutionized through 
the use of ultrasonic and CT scanning 
devices,” the precise diagnosis of 
orbital inflammatory conditions re- 
mains a challenge. The CT scan in 
the present case dramatically con- 
firmed the clinical impression of 
medial rectus inflammation, demon- 
strated coùtinuing abnormality in the 
clinically recovered opposite medial 
rectus muscle, and obviated further 
evaluation of what could have been 
mistaken for a sixth-nerve paresis. 


Stewart Winthrop, MD, and George A. Curry, 
MD, assisted with the clinical evaluation. John 
Ratcliffe, MD, provided the German transla- 
tion. 
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Dapsone-Induced Peripheral Neuropathy 


William C. Koller, MD, PhD; Louisa K. Gehlmann, 


e Peripheral neuropathy is a rare com- 
plication of dapsone therapy. This neu- 
ropathy appears primarily to be of the 
motor type, and recovery occurs on 
discontinuation of the drug therapy. The 
patient in this report developed a marked 
motor deficit as well as a selective marked 
loss of vibration sense shortly after the 
initiation of a relatively low dose of 
dapsone. Recovery was rapid on cessa- 
tion of the therapy. This patient was found 
to be a slow acetylator of isoniazid, and 
therefore is probably a slow acetylator of 
dapsone. The possible mechanisms of the 
neurotoxicity of dapsone and the role of 
altered metabolism are discussed. 

(Arch Neurol 34:644-646, 1977) 
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Ee is used in the treatment of 
leprosy and for malaria prophy- 
laxis, as well as in certain chronic 
dermatologic disorders such as derma- 
titis herpetiformis, pyoderma gangre- 
nosum, and cystic acne.’ A rare 
complication noted with dapsone in 
the treatment of skin disorders is 
peripheral neuropathy.’* This article 
reports an unusual case of dapsone- 
induced neuropathy with marked mo- 
tor and dissociated sensory deficits, 
which the patient developed shortly 
after dapsone therapy was begun. 
Recovery began to occur quickly on 
discontinuation of the drug therapy. 


REPORT OF A CASE 


An 18-year-old man was admitted with 
the complaint of difficulty in walking. Ten 
days prior to admission, he noticed numb- 
ness and weakness of both feet. His gait 
was unsteady and he felt he was dragging 
his feet. His symptoms had become 
progressively worse. He denied parasthe- 
siae or paresis elsewhere. 
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Past medical history was significant in 
that the patient had severe cystic acne for 
2% years. Prior treatment consisted of 
prednisone, 20 mg daily, for two years, but 
this had been discontinued before the 
patient was evaluated by the dermatology 
service. He was then treated with tetracy- 
cline, 1 gm daily, and erythromycin, 500 mg 
daily. After 2⁄2 months, dapsone was added 
to the drug regimen because of continuing 
severity of acne. There was improvement 
in the acne as dapsone was administered in 
increasing doses from 50 mg daily to 200 
mg daily. Total dosage of dapsone given 
was 7.7 gm over a period of 6'% weeks. 
There was no history of alcoholism, 
diabetes, or toxic exposure. When the 
patient became symptomatic, the dapsone 
treatment was discontinued and he was 
hospitalized. 

Results of the general physical examina- 
tion were normal except for acne lesions 
consisting of erythematous pustules, pap- 
ules, cysts, and scars involving the face, 
chest, and back. Large striae were present 
on all extremities. Neurological examina- 
tion disclosed an abnormal gait with drag- 
ging of both feet. Muscles of the upper part 
of the leg were used to advance the feet. 
The patient was unable to stand on his 
heels or toes or to perform tandem gait. 
Romberg’s sign was absent. There was no 
muscle weakness in the upper extremity. 
Muscle strength in the hamstrings was 
normal, but there was moderate weakness 
in the gastrocnemius, anterior and poste- 
rior tibialis, and peroneus longus bilater- 
ally. Testing of the flexor and extensor 
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hallucis longus and flexor and extensor 
digitorum longus showed marked bilateral 
weakness. Muscle stretch reflexes were 
symmetrically present except for the ankle 
jerks, which were absent. On sensory 
examination, pinprick, temperature, touch, 
and position sense were intact, but there 
was a marked decrease of vibration sense 
in the feet to 128 cycles/sec with a tuning 
fork, with toes being more affected than 
the ankles. 

Electrodiagnostic studies gave findings 
consistent with the presence of a motor 
neuropathy in the lower extremities. 
Evoked responses were not obtainable on 
recording from the abductor hallucis mus- 
cle while stimulating the posterior tibial 
nerve either in the region of the medial 
malleolus or the popliteal fossa. No 
response could be evoked from the extensor 
digitorum brevis muscle on stimulating the 
peroneal nerve at either the ankle or 
fibular head. An evoked response was 
obtained by stimulating the peroneal nerve 
in the region of the fibular head and 
recording from the tibialis anterior muscle 
over a distance of 10 em. The latency was 
prolonged (3.6 msec). Antidromic sensory 
evoked potentials were obtained by stimu- 
lating the sural nerve in the region of the 
lateral malleolus and recording from the 
nerve in the region of the calf. The latency 
was normal. 

Electromyographic studies showed no 
voluntary activity in the extensor digi- 
torum brevis and a low mixed pattern in 
the other muscles listed above. There were 
1+ positive sharp waves in both the tibialis 
anterior and extensor digitorum brevis 
while occasional fibrillations were seen in 
the tibialis anterior. Individual units were 
unremarkable. Nerve conduction velocities 
were normal for the median and ulnar 
nerves. Results of the following studies 
were within normal limits: urinalysis, rapid 
plasma reagin test for syphilis, electrocar- 
diogram, chest roentgenogram, and mon- 
ospot test. Values on an automated 12- 
factor blood chemistry analysis were with- 
in normal limits except for total bilirubin, 
which was 3.0 mg/dl (normal, 0.3 to 1.0), 
and alkaline phosphatase, which was 95 
IU/liter (normal, 30 to 85). Results of 
complete blood cell count were as follows: 
WBCs, 4,800/eu mm, with normal differen- 
tial cell count; hemoglobin level, 11.7 gm 
(normal, 14 to 18); mean corpuscular 
volume, 99 cu u (normal, 82 to 92), mean 
corpuscular hemoglobin, 31.8 p ug (normal, 
27 to 31); and mean corpuscular hemoglobin 
concentration, 32.5% (normal, 32 to 36). 
Platelets count was normal, and the reticu- 
locyte count was 4%. The following 
enzymes were found to be normal; glucose- 
6-phosphate dehydrogenase, glucose-6-glu- 
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conate dehydrogenase, pyruvate ‘kinase, 
fructoaldolase, adenylate kinase, and phos- 
phofructokinase. The hematologic abnor- 
malities noted are consistent with prior 
dapsone therapy. 

Results of the following determinations, 
done to rule out other causes of neuropa- 
thy, were normal: fasting blood sugar and 
glucose tolerance test, urinary lead and 
arsenic, urinary porphyrins, collagen- 
disease profile screen (acute phase reac- 
tants, autoantibodies, protein analysis, and 
complement screen), serum folate, and 
vitamin B.,.. 

The acetylation capability of this patient 
was investigated. Since the acetylation 
phenotype for dapsone should correspond 
to the phenotype for isoniazid" a test dose 
of 700 mg of isoniazid (10 mg/kg of body 
weight) was given orally. Six hours later, a 
blood sample was obtained and the serum 
was promptly separated and a protein-free 
filtrate made. The concentration of isoni- 
azid was then determined fluorometical- 
ly."' Free isoniazid concentration in the 
plasma was found to be 7.0 ug/ml (con- 
centrations greater than 2.5 ug/ml indicate 
slow acetylation)." 

One week after dapsone administration 
was stopped, the patient reported subjec- 
tive improvement, and there was increased 
muscle strength on clinical examination. 
One month after discontinuing the drug 
therapy, the patient could stand on his toes. 
By two months, only mild motor and 
sensory deficits were demonstrable. Nerve 
conduction studies at this time disclosed 
some conduction through the right perone- 
al nerve (conduction velocity, 39 m/sec). 


COMMENT 


Nine cases of dapsone-induced pe- 
ripheral neuropathy have been re- 
ported.** Full characterization of this 
neuropathy has not yet been possible. 
Constant features of reported cases 
are weakness in the upper and/or 
lower extremities and electrodiagnos- 
tic confirmation of a motor neuropa- 
thy. The patient described here had 
the typical motor neuropathy but also 
had a selective Sensory loss of vibra- 
tion. Mild or severe objective sensory 
changes have been described in three 
other cases,°*:*- although the neurop- 
athy in one case® may have been due to 
coexistent sprue. The pronounced sen- 
sory loss in our patient and the 
recovery from this deficit after dis- 
continuation of the drug therapy indi- 
cates that dapsone neuropathy is not 


exclusively of the motor type, as has 
been suggested by others.’-* The selec- 
tive severe involvement of vibration 
sense is also unusual for any type of 
neuropathy and its true significance is 
unclear. 

Another constant feature of dap- 


sone-induced neuropathy has been its 
reversibility on discontinuation of the X 
therapy. Drug withdrawal in the 


patient reported here was followed by 
a dramatic improvement five to seven 
days later. The patient’s motor and 
sensory deficits continued to diminish 


progressively so that three months 


after cessation of the drug he had only 
mild weakness on examination. Both 
the acuteness of onset and the 
rapidity of initial recovery distinguish 
this case from most cases of dapsone 
neuropathy. Gutmann and co-work- 
ers’ have presented data on a patient 
with dapsone neuropathy who was 
studied over a five-year period. They 
concluded that the neurotoxicity of 


dapsone is related to an effect on the 


axons and suggested that recovery 
occurs by axonal regeneration. The 


electrical studies of the patient 


reported here are consistent with such 
a mechanism for the long-term recov- 
ery, but the substantial improvement 
seen initially is more consistent with a 
restoration of function in nondegen- 
erated axons. 


The reason certain individuals de- - 


velop neuropathy after dapsone thera- 
py is unknown. The few people who 
develop neuropathy do so over quite 
variable treatment courses. Our pa- 
tient was particularly sensitive to 
dapsone, developing severe weakness 
after 6% weeks of treatment and a 
total dose of only 7.7 gm of dapsone. 
Comparable weakness developed in 
other reported cases after six weeks to 
five years of treatment with doses in 
these cases ranging from 4 to 600 
gm. 

Since large doses have been in- 
volved in most cases of dapsone- 
induced neuropathy, it has been 
suggested that the neurotoxicity of 
dapsone is dose dependent.’* Other 
observations, however, suggest that 
the neuropathy may represent an idio- 
syncractic reaction, based on a geneti- 
cally determined abnormal reactivity 
to the drug. The neuropathy seen in 
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patients taking dapsone does not 
appear to be merely an exaggreated 
sensitivity to an ordinary side effect 
of the drug. High doses of dapsone 
failed to induce neuropathy in both 
the guinea pig and the rat.’ A novel 
drug effect or altered metabolic inac- 
tivation may be occurring in certain 
patients. 

The neurotoxicity of isoniazid is due 
to slowed acetylation with accumula- 
tion of toxic drug levels.'* The severity 
of the neuropathy is determined by 
both the rate of acetylation and the 
total dose ingested.’ Dapsone is me- 
tabolized by acetylation, and the same 
enzyme, N-acetyl transferase, acety- 
lates both dapsone and isoniazid.” The 
genetically determined polymorphic 
metabolism of isoniazid is well estab- 
lished,° and a similar division of 
patients into fast and slow acetylators 
has been reported to exist for 
dapsone.*”'*'® The mechanism of the 
neurotoxicity of dapsone could be due 
to impaired metabolism with slow 
acetylation. 

Unlike the acetylated derivative of 
isoniazid, the acetylated product of 
dapsone, 4-amino-4’-acetamidodiphe- 
nyl sulfone (MADDS) is deacetylated 
back to free dapsone. Acetylation and 
de-acetylation occur simultaneously, 
and a constant ratio of dapsone and 
MADDS is established in the plasma. 
- Gelber and co-workers” thought that 
the process of deacetylation of dap- 
sone was slower than that of drug 
acetylation. When the same dose of 
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dapsone is given to both rapid as well 
as slow acetylators, the rapid acetyla- 
tors show greater plasma levels of 
MADDS.* 

Data on our patient indicate that he 
is a slow acetylator of isoniazid and, 
therefore, is probably also a slow 
acetylator of dapsone." Evans and co- 
workers,” studying a large popula- 
tion, found a bimodal frequency 
distribution curve and designated per- 
sons who had plasma concentrations 
of isoniazid of less than 2.5 ug/ml six 
hours after an oral dose of 10 mg/kg 
of body weight as “rapid inactivators” 
and those with values above 2.5 pg/ml 
as “slow inactivators.” In our patient, 
neurotoxic side effects may have been 
related to slow acetylation of the drug 
or altered ratios of acetylated to 
parent compound. If slow acetylation 
is found to correlate with the develop- 
ment of peripheral neuropathy in 
other cases, it would seem justified to 
determine the acetylation phenotype 
prior to initiating dapsone therapy. 
High-risk patients could then be iden- 
tified, and alternate therapy or special 
precautions could be instituted. 


Determination of plasma isoniazid concentra- 
tion was performed by John Payne, MD, Depart- 
ment of Medicine, Rush-Presbyterian-St Luke's 
Medical Center. 


Nonproprietary Name and 
Trademark of Drug 


Dapsone—Avlosulfon. 
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Due to Hyperthyroidism 


Carlos A. Garcia, MD, R. Hugh Fleming, MD 


e Corticospinal tract malfunction was 
seen in a patient with Graves’ disease. 
The absence of intracranial and intra- 
spinal lesions likely to cause the neuro- 
logic manifestations and their regression 
after control of thyroid dysfunction favors 
a cause-effect relationship. We review 
and compare similar cases previously 
reported and discuss the mechanisms. 

(Arch Neurol 34:647-648, 1977) 


[Dum the course of hyperthyroid- 

ism, several neuromuscular dis- 
orders have been described, including 
myopathies, myasthenic syndromes, 
periodic paralyses, ophthalmoplegias, 
muscle cramps, and peripheral neuro- 
pathies (Basedow’s paraplegia).-° Al- 
though corticospinal tract malfunc- 
tion due to hyperthyroidism is men- 
tioned in the differential diagnosis of 
amyotrophic lateral sclerosis,’ only a 
few cases are reported.”-"° Considering 
the prognostic implications of idio- 
pathic chronic motor neuron disease, 
thyroid function should be evaluated 
when this diagnosis is being consid- 
ered. 
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REPORT OF A CASE 
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A 42-year-old male truck driver noticed _ 


insidious onset of weakness of the right leg 
in 1970. His symptoms progressed very 
slowly and did not respond to “nerve pills” 
prescribed by his physician. During the 


ensuing years, he noticed weakness pro- X 
 gressing to the left leg and “jumpiness” — 


when applying the brakes in his truck. In 
January 1975, he noticed urgency of urina- 
tion and inability to retain urine. He was 
admitted to a hospital where brain scan, 
electroencephalogram, and myelogram 
were normal and a cystometrogram dis- 
closed a small residual volume. At the time 
of neurologic examination he reported a 
recent weight loss of 9.1 kg and occasional 
diarrhea. He was slim, normotensive, had 
no tremor or exophthalmos, but showed 
slight diffuse enlargement of the thyroid 
gland. His pulse rate was 105 beats per 
minute. There was no abnormality of 
cranial nerve function. He had a spastic 
gait and showed wasting and weakness of 
muscles of the lower extremities, The jaw 
jerk was normal, but other muscle stretch 
reflexes were hyperactive. Bilateral Hoff- 
mann’s signs and ankle clonus were pres- 
ent. There were bilateral extensor plantar 
responses. There were no fasciculations. 
All modalities of sensation were preserved 
and cerebellar function was normal. Thy- 
roid function tests demonstrated a thyrox- 
ine level of 22.2 units and a triidothyronine 
level of 58.8 units. Both tests were repeated 
on the same day and on different days; 
values were persistently elevated. Nuclide 
brain scan (technetium Te 99m), electroen- 
cephalogram, and skull roentgenograms 
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were normal; roentgenograms of the entire 
spine and myelogram up to the clivus 
showed no abnormalities. Results of cere- 
brospinal fluid examination, including a 
protein concentration of 31 mg/dl, sero- 
logic tests for syphilis, fluorescent trepon- 
emal antibody absorption tests, and immu- 
noelectrophoresis, were normal. Nerve con- 
duction velocities and latencies of both 
median, ulnar, deep peroneal, and posterior 
tibial nerves were normal. There were no 
fibrillations or fasciculations. Creatine 
phosphokinase level was 20 units. Vitamin 
B,. concentration in serum was 450 pg/dl. 
Folic acid level was 2.9 mg/dl, and results 
of the Schilling test were normal. Thyroid 
scan showed an enlarged gland with 
diffuse, uniform increase of tracer activity 
throughout, including the region of the 
thyroglossal duct. The thyroid radioactive 
iodine uptake was 67% (normal, 10% to 40%) 
compatible with Graves’ disease. The 
patient was treated with methimazole 
(Tapazole). Six months later, results of 
thyroid function tests were normal and the 
patient’s neurologic deficit had improved, 
with only a residual right lower extremity 
hyperreflexia. The patient has been fol- 
lowed up for two years; he remains 
unchanged and is able to drive his truck. 


COMMENT 


Corticospinal tract malfunction in 
Graves’ disease that improved after 
treatment of thyroid dysfunction has 
been reported in two patients.’* Our 
case resembles these cases clinically 
except for dysphagia observed in one. 
Posterolateral myelopathy” has been 
described in hyperthyroidism, improv- 
ing after treatment. Although hyper- 
thyroidism is mentioned as a cause of 
corticospinal tract disease,” our review 
of the literature disclosed only these 
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four cases. Features in common to 
these four cases include evidence of 
corticospinal tract malfunction, Ba- 
binski’s signs, spastic bladder, absent 
fasciculation on clinical examination, 
absent fasciculations and fibrillations 
in those tested by electromyography, 
and response to treatment of hyper- 
thyroidism with almost complete neu- 
rologic recovery. In one patient there 
was involvement of posterior columns, 
nerves, and muscles.'® No intraspinal, 
parasagittal, or other lesions could be 
found in any of these patients. Since 
the diagnosis of hyperthyroidism was 
made only after hospitalization of the 
patients reported, the relationship of 
the onset of the neurologic deficit to 
the onset of the thyroid dysfunction is 
unknown. The dramatic response to 
treatment favors hyperthyroidism as 
the cause of the neurologic deficit. 

Hyperthyroidism can cause deficits 
at different levels of the neuromus- 
cular system. The mechanism is un- 
known but seems to be reversible. 
Mitochondrial abnormalities" and di- 
lation of the transverse tubular sys- 
tem have been observed on electron 
microscopy in the muscle fibers of rats 
and humans with hyperthyroidism. 
Whether the cellular dysfunction is a 
direct effect of thyroxine’ or is 
produced by intracellular changes of 
water electrolytes or enzymes” is not 
clear. 

The presence of corticospinal tract 
disease without evidence of anterior 
horn cell damage (fasciculation and 
fibrillation), intraspinal, or intracran- 
ial lesions may suggest hyperthy- 
roidism even in the absence of overt 
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clinical signs of thyroid dysfunction. 
The similarity of this disorder to 
motor neuron disease is important 
because of the prognostic implica- 
tions. 
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Letters to the Editor 


Convulsions: A Complication of 
Contrast Enhancement in 
Computerized Tomography 


To the Editor.—While undergoing con- 
trast-enhanced computerized tomog- 
raphy (CT scanning) of the brain, five 
patients had convulsions for the first 
time. Two of these patients experi- 
enced a generalized convulsion and 
three had focal motor seizures. Cur- 
rent literature on CT scanning does 
not include seizures as a potential 
complication. All of these patients 
were shown to have metastatic su- 
perficially located cortical lesions. It is 
suggested that the injection of aque- 
ous iodine compounds for contrast 
enhancement of CT scanning in the 
presence of superficial metastatic 
lesions may produce seizures. 


Report of Cases.—CASE 1.—A 50-year-old 
man had a two-week history of progressive 
loss of strength and coordination of his 
right hand as his only complaint. There was 
no previous neurologic history. The exami- 
nation disclosed only incoordination and 
weakness of the distal right upper extrem- 


Fig 1.—Single 1.5-cm lesion is in left frontal 
parietal area close to inner table of calvar- 
ium. There is center of decreased density 
surrounded by ring measuring 50 delta 
units. 
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ity. While undergoing CT and after the 
intravenous injection of 100 ml of iothala- 
mate sodium, 66.8% (Conray-400), the 
patient experienced a focal motor seizure 
of the right upper extremity. This lasted 
three to five minutes and was controlled 
with intravenous diazepam. Figure 1 shows 
the single biopsy-proved metastatic lung 
carcinoma. 

CASE 2.—An 81-year-old woman had 
weakness of the right upper extremity. 
Four years previously, a carcinoma of the 
lung had been diagnosed and treated with 
chemotherapy. There was no history of 
neurologic disease. Examination revealed 
generalized cachexia and right upper 
extremity weakness and hyperreflexia. 
Five minutes after contrast enhancement 
with 100 ml of iothalamate sodium, 66.8%, 
administered intravenously, a generalized 
seizure occurred. It was controlled with 
intravenous diazepam. The CT scan 
showed two lesions in the left hemisphere 
and one right occipital lesion. Figure 2 
demonstrates a 1.5-cm left hemispheric 
metastatic lesion. 

CASE 3.—A 56-year-old woman, with 
known breast carcinoma and metastases to 
the liver, had severe headaches and mild 
weakness of her left extremities. She had 
been treated with multiple antineoplastic 
agents, but had no notable past neurologic 
history. The patient received an intrave- 
nous drip of 300 ml of diatrizoate meglu- 
mine, 30% (Reno-M-Dip), for enhancement 
of her CT scan. Approximately 15 minutes 
after infusion, she had a focal motor 
seizure in her left upper extremity 
followed by a generalized convulsion. 


Fig 2.—One of three lesions in patient 2. 
Superficially located metastatic carcinoma 
measuring 1.5 cm in diameter was 


surrounded by area of decreased density 
suggestive of edema. 





Phenytoin (Dilantin) was required. She had 
three right and two left hemispheric 
lesions. The right frontal lesion was 6 x 4 
cm and cystic. 

CASE 4.—A 65-year-old man had acute 
onset of right upper extremity weakness. 
There was no prior history of neurologic 
disease, and he was believed to have an 
embolic infarction. Immediately after in- 
travenous injection of 100 ml of iothala- 
mate sodium, 66.8%, a focal motor seizure 
involving the right upper extremity | 
occurred. It was controlled with diazepam. 
The CT sean showed multiple metastatic 
lesions from the lung involving the superfi- 
cial left frontal and parietal cortex, the 
right temporal lobe, and right occipital 
lobe. 

CaSE 5.—A 55-year-old man had a two- 
week history of intermittent left-sided 
weakness believed to be transient ischemic 
attacks. He had no prior neurologic history. 
Immediately after the intravenous injec- 
tion of 100 ml of iothalamate sodium, 
66.8%, focal motor seizure activity occurred 
in his left leg. Ten milligrams of diazepam 
controlled his seizure, and the patient 
never lost consciousness. Figure 3 shows 
two of his three metastatic lesions from a 
lung carcinoma. 

Comment.—Of the first 1,000 pa- 
tients undergoing CT scanning at our 
facility, approximately 27 had metas- 
tatic and 56 had primary tumors. Only 
five of these patients had seizures in 
close temporal association to contrast- 
enhanced CT scanning. All five had 
superficially located metastatic corti- 
cal lesions in the posterior frontal or 


Fig 3.—Two lesions are seen. Right one 
measures 2 X 2.5 cm and is surrounded 
by edema. Left frontal lesion measures 0.7 
cm and measures 60 delta units. 
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parietal regions. All had mild upper 
extremity weakness as the presenting 
symptom, and none had had previous 
convulsions. No other patients in our 
series had convulsions, even though 
many had various other types of 
lesions within these areas. The close 
temporal relationship between con- 
trast-enhanced CT scanning and the 
convulsive reaction suggests a possi- 
ble provoking role for the contrast 
medium. It is the purpose of this letter 
to alert other physicians to this 
possible adverse reaction to the con- 
trast material utilized during CT 
scanning. Patients with suspected 
metastatic disease or patients who on 
the initial sean have multiple areas of 
decreased density suggestive of me- 
tastatic disease may be subject to this 


complication. 


J. C. LoZiro, MD 
Melbourne Neurologic 
1355 S Hickory St 
Melbourne, FL 32901 


i RRP Brain Stem Auditory-Evoked 








Responses 


To the Editor.—Stockard et al in the 
October 1976 issue of the ARCHIVES 


S se _ (33:726-728, 1976) indicate that recov- 


ery from clinically suspected central 
pontine myelinolysis (CPM) has not 


_ previously been reported. There have 


been two previous publications'’ of 
suspected CPM with recovery in an 
alcoholic patient and a heroin addict. 

While the authors suspect that 
brain stem auditory responses can 
help in the diagnosis of this disease, in 
fact, the electrophysiologic data sim- 


ply confirm the localization of the 


lesion. In these and most cases, the 
localization is clinically obvious. As 
the authors correctly point out, the 
auditory-evoked responses in CPM 
may have their greatest value as serial 
tests that may have direct prognostic 
significance.* This would assume par- 
ticular importance in CPM and other 


BE potentially treatable conditions of the 


brain stem. 
R. KHURANA, MD 
Dept of Neurology 
Univ of Maryland 
School of Medicine 
Baltimore, MD 21201 
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In Reply.—We apologize to Dr Khura- 
na for overlooking his previous report 
of recovery from suspected central 
pontine myelinolysis (CPM). As he 
points out, the localization of the 
lesion in his and our cases was indeed 
“clinically obvious,” as one would hope 
with such a presumptive diagnosis. 
However, the localization of the lesion 
has not been clinically obvious in most 
of the 100 or more cases of proved 
CPM reported in the literature; we 
know of only three of these cases in 
which the lesion was recognized clini- 
cally.’ Several reports have empha- 
sized that the localization of the lesion 
is not often discernible from the clin- 
ical findings, even in retrospect.*” 
There are several reasons for this: (1) 
the lesion may remain confined to the 
functionally silent area in the midline 
of the basis pontis where it originates, 
producing no signs or symptoms’; (2) 
with centrifugal spread of the lesion 
from this focus, the first’ and most 
frequent? signs and symptoms are 
referable to the corticospinal tracts 
rather than to the corticobulbar tracts 
and cranial nerves; and (3) in many 
cases, the localization may be further 
obscured by the coexistence of condi- 
tions such as alcoholic polyneuropa- 
thy,’ coma,**"° or other upper motor 
neuron lesions. Localizing electro- 
physiologic evidence for a pontine 
lesion would be diagnostically helpful 
in such cases in which the presence or 
level of brain stem involvement was 
not clinically apparent. 

J. J. STOCKARD, MD, PHD 

Dept of Neurology 

Mayo Clinic 

Rochester, MN 55901 

V. S. ROSSITER, PHD 

W. C. WIEDERHOLT, MD 

RonaLp M. KospayAsuH1, MD 

Dept of Neurosciences 

Univ of California 

San Diego, CA 92093 
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Mannosidosis 


To the Editor.—We read with interest 
the article “Mannosidosis: New Clin- 
ical Presentation, Enzyme Studies, 
and Carbohydrate Analysis” by Kist- 
ler and associates that appeared in the 
January issue of the ARCHIVES (34:45- 
51, 1977). We did note, however, some 
discrepancy between their review of 
the literature and that made at the 
same time by Desnick et al (Pediatr 
Res 10:985-996, 1976). While they 
mention a total of 14 known patients, 
Desnick et al report 23. It appears that 
some cases previously reported in the 
literature have been omitted from 
their list. These include those of Booth 
et al (J Pediatr 88:821-824, 1976; three 
cases), Aylsworth et al (J Pediatr 
88:814-818, 1976; one case), as well as 
the two siblings reported by our group 
(Acta Paediatr Scand 58:220-228, 
1969) and later identified as instances 
of mannosidosis (Acta Paediatr Scand 
64:865-867, 1975). When adding their 
two patients to the list of Desnick et 
al, this amounts to a total of 25 
patients affected with mannosidosis. 
In view of the undramatic clinical 
features displayed by most of these 
patients, there exist probably many 
more undetected cases. Therefore, 
mannosidosis might not be as rare as 
it was thought previously. 

H. LOEB, MD 

E. Vamos-Hurwitz, MD 

Dept of Pediatrics 

Univ Hosp St Pierre 

320 rue Haute 

1000 Brussels, Belgium 


In Reply.—The reports by Booth et al 
(J Pediatr 88:821-824, 1976) and Ayls- 
worth et al (J Pediatr 88:814-818, 1976) 
were published after our manuscript 
had been submitted. The siblings 
reported by Loeb et al (Acta Paediatr 
Scand 58:220-228, 1969) were origi- 
nally judged to be an example of 
atypical mucopolysaccharidosis (mu- 
colipidosis I), and the diagnosis was 
subsequently changed to mannosi- 
dosis (Acta Paediatr Scand 64:865-867, 
1975) after deficient acid a-mannosi- 
dase in cultured skin fibroblasts was 
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found, along with mannose-rich oligo- 
saccharides in urine. 

We agree with Drs Loeb and 
Vamos-Hurwitz that mannosidosis is 
likely to be more common than 
previously thought, and it was this 
notion that prompted the publication 
of our two unrelated cases. Particular 
attention was called to the nonpro- 
gressive course of case 1, necessi- 
tating the consideration of mannosi- 
dosis in all mentally retarded indi- 
viduals with idiopathic gingival 
hyperplasia. 

We have completed a trial of 
dietary zinc supplement based on our 
published observation showing the 
ability of zine sulfate to stabilize the 
mutant acid a-mannosidase in vitro. 
Both patients were given 150 mg daily 
of zinc sulfate for a three-month 
period, and blood samples were 
obtained every five days for three 
weeks and biweekly thereafter for 
eight weeks. Serum zinc levels rose to 
approximately twice normal, but 
there was no significant change in 
leukocyte a-mannosidase (pH 4.0) on 
the dietary supplementation. Injec- 
tion of zine sulfate directly into the 
hyperplastic gingiva of patient 1 
showed no significant morphological 
change on examination by light and 
electron microscopy in regard to the 
amount of lysosomal storage product 
compared with a saline controlled 
injection. We conclude that acid 
a-mannosidase activity and storage 
product accumulation is unaffected by 
these two forms of zine therapy in 
mannosidosis. 

I. T. Lorr, MD 

E. H. KoLopny, MD 

R. DICKERSIN, MD 

Eunice Kennedy Shriver 
Center for Mental 
Retardation, Ine 

200 Tropelo Rd 

Waltham, MA 02154 


Acute Neurological Forms of 
Infectious Mononucleosis 


To the Editor.—We recently reported 
three unusual neurological complica- 
tions of infectious mononucleosis 
(IM).' One case was almost identical to 
the one published by Friedland and 
Yahr in the March issue of the 
ARCHIVES (34:186, 1977.) 


Report of a Case.—Our patient, an 18- 
year-old man, abruptly had a grand mal 
seizure. For the next two days, he 
remained comatose, with meningeal signs 
and bilateral Babinski signs, and showed 
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incessant choreoathetotic movements of 
the four limbs, face, and trunk. He 
suffered again from two generalized 
seizures the day after his admission. There 
was no classical sign of IM and CSF was 
normal. The EEG pattern was strongly 
disturbed. There were 17% atypical lym- 
phocytes in the blood and the heterophile 
titer was to 1:224 on the fifth day of illness. 
Without any specific treatment, the 
patient completely recovered in a week. 

Comment.—Such an acute neurolog- 
ical syndrome with seizures and invol- 
untary movements presenting as her- 
alding or sole manifestation of IM is 
certainly unusual. This point has been 
well stressed by Friedland and Yahr. 
Unfortunately, these authors did not 
sufficiently point out that these neu- 
rological complications are likely to be 
more frequent than generally admit- 
ted, especially when the diagnosis of 
IM is established only by heterophilic 
studies. 

This point has been perfectly dem- 
onstrated by Grose et al.? These 
authors performed the principal Ep- 
stein-Barr (EB) virus specific diag- 
nostic tests? in several acute neurolog- 
ical diseases of young patients and 
found frequent evidence of an acute 
or recent primary EB viral infection. 
In these patients with “neurological 
complications” of IM, only 50% had 
heterophile antibodies in their serum 
and only a few had classical signs of 
IM. 

These preliminary results seem to 
be very important because, on the one 
hand, they more than ever bring up to 
date the assertion by Silverstein et al’: 
“I.M. should be considered in any 
acute neurological condition in the 
young.” On the other hand, they 
emphasize the insufficiency of our 
classical diagnostic laboratory tests 
for IM. Therefore, before definitely 
excluding IM, it is now necessary to 
apply modern serological tests for EB 
virus when heterophilic reactions are 
negative. 

So, it is likely that, in the future, 
many acute neurological diseases gen- 
erally considered as “primary” will be 
connected with an EB viral infection 
and in proportions not yet suspected 
today. 

J. J. Rousseau, MD 
G. FRANCK, MD 
Institut de Médecine—Neurologie 
Hôpital Universitaire de Bavière 
B-4020 Liege, Belgium 
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In Reply.—We are indeed grateful to 
Drs Rousseau and Franck for calling 
our attention to their reported experi- 
ence with the neurological complica- 
tions of infectious mononucleosis. As 
they indicate, it may well be that the | 
disorder is more common than is — 
generally realized—in part attribut- 
able to reliance on heterophile studies — 
for confirmation. Certainly, use of EB A 
virus specific diagnostic testing may 
give better evidence as to the exact 
prevalence of this disorder. However, - 
we should like to bring to their atten- 
tion the fact that neurological dis- 
eases associated with EB viral infec- 
tion may have other concomitant 
systemic illness and/or heterophile 
positivity. The demonstration of EB 
viral infection in patients with Afri- 
can Burkitt’s lymphoma’ and naso- 
pharyngeal carcinoma? has already 
provided evidence for the heterogene- 
ity of EB virus-related diseases. It 
would appear that the possibility 
exists that a diverse group of neuro- 
logical disorders may be associated 
with EB viral infection. 

Though we agree that viral specific 
testing is desirable, from a practical 
standpoint it presents some difficul- 
ties in its lack of availability in many 
institutions as well as the long delay 
in processing the test. In view of this, 
the heterophile remains a valuable 
diagnostic clearance study that is 
readily available to the clinician 
confronted with patients suspected of 
having infectious mononucleosis. 
Overall, it probably gives as much an 
index of the incidence of this disorder 
as one can expect at the present 
time. 

M. D. Yaur, MD 

R. FRIEDLAND, MD 
Dept of Neurology 

Mt Sinai School of Med 
100th St at Fifth Ave 
New York, NY 10029 
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overview...for scientists 


Book Reviews 


Cellular Basis of Behavior: An Introduction to 
Behavioral Neurology, by Eric R. Kandel, 727 pp, 
$45, 320 illus, WH Freeman & Co, 1976. 


In a routine review, Kandel’s own 
sentence, “The accelerated progress in 
cell biology during the past ten years 
has led to concepts and methods that 
have made it possible to analyze 
behavior in a more fundamental way 
than previously,” could have been used 
as a convenient opening phrase. Cellu- 
lar Basis of Behavior, however, is 
more than its subtitle, An Intro- 
duction to Behavioral Neurobiology, 
suggests and also more than a text 
“usable by undergraduate and grad- 
uate students—even those having lit- 


tle background in behavior, neurobiol- 


ogy or invertebrate zoology,...an 
in other 
fields” would need to be. It is a care- 
fully formulated personal statement 


about an area whose landscape still 
reveals cracks and craters, traces of 


the violent action that has shaped it 


for decades. An investigator dedi- 


cated to the study of behavior is still 


embattled on many fronts, each of 


them demanding different strategies 
and tactics for action, defense, or even 
camouflage. The word “behavior” 
itself bears witness to a defensive 
stance, an effort to keep forces of 
belief, persuasion, and ideology at 
arm’s length. 

Although the author has steered 
clear of his Scylla, managing at the 
same time to avoid the Charybdis of 
dry technical data, traces of con- 
troversies between an early, pubes- 
cent behaviorism and its parent— 
psychology—are sometimes visible 
and perhaps confusing for the inex- 
perienced reader. Consider, for in- 
stance, the following sentence: “Un- 
like instrumental conditioning in 
which the animal’s correct response 
leads directly to the presentation of a 
stimulus (reinforcement), in classical 
conditioning the experimenter 
presents the animal with a second, 
unconditioned stimulus...at some 
fixed interval after the presentation 
of the conditioned stimulus” (p 9). 
Even if one carefully reads the 
sentences preceding the one quoted, 
the impression will remain that in 
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instrumental conditioning the animal 
may have taken the role of the experi- 
menter. Such a sentence does not 
mean that the author has espoused the 
behaviorist philosophy. This can be 
seen in his definition of behavior, to 
which behaviorists would probably 
object: “all observable processes by 
which an animal responds to perceived 
changes in the internal state of its 
body or in the external world.” Such a 
definition takes for granted that the 
animal perceives the changes to be 
observed by the investigator, whereas, 
according to behaviorist theory, the 
animal’s responses should be studied 
independently of what the animal 
perceives, if anything at all. 

There is no doubt in the mind of this 
reviewer that experimental neurology 
and behaviorism make strange bedfel- 
lows. But to insist on this notion is to 
miss entirely the importance of Kan- 
del’s book. To begin with, it must be 
said that this neurobiology from the 
perspective of Aplysia is a pioneering 
effort. It is also a masterpiece of 
organization. It is as if the delicate 
tuning of integrated individual cell 
activities, once recognized by the 
researcher, became reflected in the 
way in which he organized the account 
of what can be seen in these cells, as 
well as in the whole animal. 

The book consists of three parts 
devoted to (1) strategies in the study 
of behavior, (2) strategies in the study 
of nerve cells, and (3) nerve cells and 
behavior. There are four chapters in 
the first part, dealing with (1) the 
study of behavior as interface be- 
tween psychology and biology, (2) the 
use of invertebrates in the analysis of 
behavior, justifying the use of these 
animals on the grounds of the relative 
simplicity of their organization, the 
number of identifiable individual 
nerve cells, and the possibility of iden- 
tifying units of behavior, (8) the rela- 
tionship between cellular and genetic 
approaches to behavior, and (4) a brief 
account of the behavioral biology of 
that marine snail, Aplysia, which is an 
animal particulary suitable for be- 
havioral research for the reasons 
mentioned. Part 2 is devoted to an 
exposition of the principles of 


neurophysiology, the ionic hypothesis 
of membrane and action potentials, of 
chemical transmission and its mech- 
anisms, with an emphasis on elemen- 
tary quantitative treatment of data 
(reminiscent of such books as the 
highly successful Nerve, Muscle, Sy- 
napse by B. Katz) and on equivalent 
circuits (chapters 5 and 6). Analyses of 
properties of identified neurons in 
Aplysia and other animals and the 
patterns of their synaptic connections, 
the introduction of the important 
concept of feed-forward connections, 
discretely contrasting the existence of 
multiaction cells (to the point where 
they may have opposite actions on a 
single follower neuron) with Eccles’ 
principles of “single function” and 
“single ionic mechanism” for indi- 
vidual cells, can be found in chapters 7 
and 8 of this part. 

The first two parts of the book have 
the character of an introductory text- 
book. Part 8, by contrast, consists 
mainly of a monograph on neurobiol- 
ogy of Aplysia. Most of the material 
presented here originates from the 
author’s laboratory. In chapter 9, the 
new subdivision of the basic forms of 
behavior (borrowed from K. Lorenz) 
into reflex acts, fixed acts, and 
patterns is introduced and its useful- 
ness demonstrated in analyzing the 
defensive withdrawal of gills (graded, 
reflex act) and respiratory pumping, 
inking, and egg-laying (all or none, 
fixed acts). The provocative idea of a 
relationship between cells exhibiting 
spontaneous bursts of action poten- 
tials and fixed acts is supported by 
examples of circulatory fixed action 
pattern control by bursting cells. 
Complex behavior, like defensive 
swimming and feeding, is also ana- 
lyzed (chapter 10). Chapters 11 
through 13 deal with behavior modifi- 
cation, including learning. Plastic 
changes (alterations of synaptic effi- 
cacy), rather than dynamic ones (cir- 
culation of impulses), are seen as the 
basis for modifications, and cellular 
models for classical and instrumental 
conditioning are presented. The au- 
thor points out, however, the apparent 
similarities between instances of plas- 
ticity in an isolated ganglion and 
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behavioral modifications in the whole 
animal must be viewed with caution. 
Considerable attention is devoted to 
habituation and dishabituation, par- 
ticularly when they correspond to 
short-term modifications of behavior. 
In a step-by-step analysis, Kandel 
makes the effort to show that habitua- 
tion results from decrease in the 
quantal output of transmitter re- 
leased by repeated action potentials in 
sensory nerves, and that dishabitua- 
tion involves presynaptic facilitation 
(chapter 12). Relationships between 
short-term and long-term behavior 
modifications are discussed in chapter 
13. In the last chapter, dealing with 
implications of the work on inverte- 
brates for the study of abnormal 
behavior, the wider perspective of the 
first chapter is resumed. 

Had it not been for the introductory 
and closing chapters, one would gain 
the impression that it would have 
been possible for the author to use a 
more traditional title for the book, 
such as Nerve Cell Function, for 
example. On second thought, however, 
it becomes clear that the omission of 
the word “behavior” would probably 
lead to misunderstandings in these 
days in which a puritannical physiol- 
ogist, or biophysicist, considers any 
discussion of a membrane process in 
the light of its role in the intact 
animal as a breach of some unwritten 
rule or as a degradation of his profes- 
sion by some kind of spurious “appli- 
cation.” Specialization and estab- 
lishment of territorial boundaries in 
the life sciences have made it neces- 
sary to use the word “behavior” where 
it once would have seemed to be 
pleonastic. 

In spite of the variety of topics and 
nature of the material covered, the 
whole book is characterized by high 
consistency. Each chapter opens with 
a statement of program, and a plan 
for the distribution of the material is 
given. Each chapter closes with a 
“Summary and Perspective” section. 
The figure captions are organized in 
the same consistent manner. Follow- 
ing the heuristic principle that learn- 
ing to a large extent consists in habit- 
uation, the author takes care of not 
“dishabituating” the reader by rash 
exposure to unfamiliar concepts and 
illustrations before the reader has 
assimilated a body of ideas. To this 
end, he repeatedly uses the same set 
of hypothetical experimental data in 
preference to real data and presents 
diagrams, models, or drawings rather 
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than photographs. Although the rela- 
tionship between text and figures is a 
close one, each of them may be read 
separately (except in a few cases 
toward the end of the book, eg on 
p 585, where the synaptic hyperpolar- 
ization of sensory neurons appears 
without a sufficient explanation in 
the text, although an adequate 
explanation is given in the preceding 
legend to Fig 12 through 25). The 
same independence applies to differ- 
ent chapters of the book. This was 
possible to achieve only at the expense 
of a certain degree of redundancy, but 
the result pays off well. The reader 
never has the impression of being left 
in the lurch, and the feeling of being 
led by a patient and considerate 
teacher prevails. 

Kandel’s book is a highly original 
account of a fascinating new area of 
research in neurobiology, presented in 
a didactically adequate way. The book 
should be recommended to clinicians 
interested in basic research, as the 
sort of work that details what led 
investigators primarily interested in 
analysis of human behavior to the 
study of apparently ephemeral fea- 
tures of molluscan ganglia. 

HRVOJE Lorkovic, PHD 
Iowa City 


Neurology, by Mark Mumenthaler, translated 
by Edmund H. Burrows, 452 pp, 74 illus, $12.95, 
Thieme Flexibook/Year Book Medical Publish- 
ers, 1977. 


This is the first English translation 
of an established Swiss-German intro- 
ductory text to clinical neurology for 
medical students and junior physi- 
cians. The first chapter describes the 
technique of the neurological exami- 
nation; the following 13 chapters deal 
with specific neurologic disorders; and 
a section on ancillary investigations in 
neurologic practice concludes the 
book. 

Most chapters contain lucid ac- 
counts of both common and rare 
neurologic disorders. Indeed, the 
reader is amazed at how much useful 
neurologic information is to be found 
in this pocket-sized compendium with 
412 pages of text. Chapters dealing 
with peripheral nerve lesions and 
myopathies are particularly well writ- 
ten, even if one takes issue with the 
lumping of the hereditary neuropa- 
thies, Charcot-Marie-Tooth disease 
and Dejerine-Sottas disease, together 
with “other rare myopathies.” The 


inclusion of pain syndromes of non- 
neurologic origin, frequently encoun- 
tered in neurologic practice and too 
often omitted from large-sized text- 
books, can only be applauded. But the 
discussions dealing with congenital 
brain lesions and CNS infections are 


too cursory to be of value for the 


intended readership, and statements 


about therapy must be met with © 
caution, eg, initial treatment of bacte- _ 
rial meningitis with a combination of 
chloramphenicol, penicillin, and sul- 
fonamides is rather out of date; the 


use of nitrazepam as recommended by 
the author for infantile spasms and 


akinetic seizures is not approved by — 
the Food and Drug Administration. © 
The medical management of transient _ 


ischemic attacks has been omitted. 
The selected bibliography refers to 
modern review articles, but its useful- 


ness is somewhat limited by instances — 


in which references cited in the text 


cannot be readily found in the bibliog- 


raphy section. 


Compared with the original, much 


of the admirably succinct style of the 
author has been lost in the translation. 
Also, numerous printing errors and 


several incorrect statements, which 


are not found in the German text, now 
appear in the English edition. With | 


these shortcomings in mind, the book 
can still be recommended for its | 


intended audience. 


Iowa City 


International Review of Neurobiology, vol 19, 
edited by Carl C. Pfeiffer and John R. Smythies, 
323 pp, with illus, Academic Press Inc, 1976. 

The latest issue of this Review 
follows its own tradition of publishing 
mainly review articles in the area of 
neurochemistry. Fourteen contribu- 
tors from psychologic, psychiatric, 
pharmacologic, pharmaceutic, and bio- 
chemical institutions of five countries 


E. PETER Boscu, MD- ; 


cover the following areas: amnesia 


and its relationship to hippocampal 
lesions, synaptosomal transport pro- 
cesses, glutathione metabolism and 
possible functions of glutathione in 
the nervous system, effects of ethanol 
on the nervous system, octopamine 
and related noncatecholic amines in 
invertebrates, chemistry, pharmacol- 
ogy, and biochemistry of apomor- 
phine, and plasma levels of thymo- 
leptic and neuroleptic drugs. A six- 
page subject index is provided. 
HRVOJE Lorkovic, PHD 
Iowa City 
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Calendar and News 


CALENDAR OF MEETINGS 
1977 
Oct 68 Child Neurology Society, sixth annual meeting, Charlottesville, Va 
17-21 American College of Surgeons, 63rd annual clinical congress, Dallas 
Convention Center 
27-29 Southern EKG Society, annual meeting, Chattanooga, Tenn 
Nov 25 American Academy of Neurological Surgery, annual meeting, Mauna 
Kea Hotel, Hawaii 
6-10 Society for Neuroscience, annual meeting, Anaheim Convention 
Center, Anaheim, Calif 
28-Dec 1 American Heart Association, 50th scientific sessions, Miami Beach 
Convention Center, Miami Beach, Fla 
30-Dec 1 American Epilepsy Society, annual meeting, Biltmore Hotel, New 
York 
1978 X 
Feb 28-25 Federation of Western Societies of Neurological Science, annual 7> 
meeting, Fairmont Hotel, San Francisco 
April 23-27 American Association of Neurological Surgeons, annual meeting, 
New Orleans 
24-29 American Academy of Neurology Annual Meeting, Bonaventure 
Hotel, Los Angeles 
May Annual meeting of the Central Association of EEG, Omaha 
New Journal.—The Behavioral and Gottlieb, Maimonides Medical Center; American Epilepsy Society.—The 
Brain Sciences, a new journal of Edward D. Lewis, University of | American Epilepsy Society will hold 
research and theory with the unusual Rochester; Robert Yale Maggin, Uni- its annual meeting in New York City 
feature of solicited open peer com- versity of Maryland; Brian Olshansky, on Nov 30 and Dec 1, 1977, at The 
mentary, will be edited by Stevan University of Arizona; Alexandra E. Biltmore Hotel. For further informa- 
Harnad. It will offer an unusual and Trembicky, Columbia University; and tion contact Robert G. Grossman, MD, 
valuable opportunity for critical ex- Nancy Prigmore, University of Utah. Secretary, American Epilepsy Society, 
amination of current and new theories Division of Neurosurgery, The Uni- 
and for interpretation of experimen- 3 ; , versity of Texas Medical Branch, 
tal work. Manuscripts are invited. Symposium rose Genetic D peers. Galveston, TX 77550. 
Contact Editor, Stevan Harnad, Be- The First International Symposium > 
havioral and Brain Sciences, PO Box © Genetic Diseases Among Ashkena- 
777. Princeton. NJ 08540. zi Jews will be held at the Barbizon 
j : Plaza Hotel in New York City on Dec 
12 through 14, 1977. Lectures and Federation of Western Societies of 
Osserman Fellowship.—The Myasthe- symposia will be delivered by invited Neurological Science.—The Federation 
nia Gravis Foundation announces the speakers. The conference is being of Western Societies of Neurological 
award of a $10,000 Postdoctoral Fel- sponsored by the National Foundation Science announces the election of its 
lowship for 1977-1978 to D. Scott for Jewish Genetic Diseases. Co- officers for 1977-1978: Donald J. 
Linthicum, PhD, Biology, of the Uni- chairmen are Drs Richard M. Good- Dalessio, MD, La Jolla, Calif, chair- 
versity of California, San Diego. The man, Chaim Sheba Medical Center, man; Javier Verdura, MD, Mexico 
Foundation also announces the award Tel Hashomer, Israel, and Arno City, chairman elect; Leon Kaseff, 
of ten Medical Student Research Motulsky, School of Medicine, Univer- MD, Burlingame, Calif, program 
Fellowships of $1,000 each. Recipients sity of Washington, Seattle. Atten- chairman; and Richard Moiel, MD, 
are Keith A. Brumberger, Albert dance is limited to 300. For further Houston, secretary-treasurer. The 
Einstein College of Medicine; Steven information contact Joan Samsen, next annual meeting of the Federa- 
Burres, University of Chicago; Robert Executive Director, NFJGD, 608 Fifth tion will be held at the Fairmont /~ 


Cloud, Tulane Medical School; Tracy 
Flanagan, Barnard College; Ronald H. 
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Ave, New York, NY 10020; telephone 
(212) 247-7130. 


Hotel, San Francisco, on Feb 23 
through 26, 1978. 
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Course in Behavioral Neurology and 
Neuropsychology.—The Florida Society 
of Neurology is sponsoring the Third 
Annual Course in Behavioral Neurol- 
ogy and Neuropsychology to be held 
on Dec 8 through 10, 1977, at Lake 
Buena Vista, Fla. Topics to be covered 
include reading and writing distur- 
bances in adults, developmental dys- 
lexia, and emotional disturbances re- 
sulting from brain lesions. For infor- 
mation contact Edward Valenstein, 
MD, Department of Neurology, Uni- 
versity of Florida, Box J-236, Gaines- 
ville, FL 32610. 


American Board of Psychiatry and 
Neurology.—Beginning at the October 
1977 part II examination, the pre- 
viously administered one hour of oral 
examination in neurology for psychia- 
try candidates will be replaced by a 
written examination. The written 
examination is based on a series of 
audiovisual vignettes of neurological 
patients. Each vignette will last for 
approximately three to four minutes 
and will be followed by written, multi- 
ple-choice questions pertinent to the 
brief patient presentation. There will 
be no examiner involvement or pa- 
tient contact in this section. Thus, all 
new psychiatry candidates will take 
three sections during the part II 
examination: a one-hour examination 
in clinical psychiatry (live patient); a 
one-hour examination in clinical psy- 
chiatry (audiovisual); and a one-hour 
examination in clinical neurology (au- 
diovisual). 


Numismata Medica 


The Board is vigorously pursuing 
the possibility of providing feedback 
regarding candidates’ examination 
performance to training directors. 
What the Board hopes to have avail- 
able will be a report on pass/fail 
percentages for each training pro- 
gram. This, however, will need to be 
done in such a way as to protect the 
candidates’ right to confidentiality. 
Thus, there are legal issues that 
require resolution before these re- 
ports can be made available. 

The Board is also working on plans 
to provide more feedback to part I 
candidates in the form of subgroup 
test scores, which will enable candi- 
dates to identify areas of strength 
and weakness. 


New Directory of Resources Avail- 
able.—Eaton Laboratories’ new 1977- 
1978 Directory of Medical Films, 
AudioVisuals and Medical Education 
Resources may be obtained by writing 
to Eaton Laboratories, Norwich, NY 
13815. 


Seminar on the “Aneurysm Patient”.— 
A seminar entitled “The Aneurysm 
Patient: Preoperative and Postopera- 
tive Care” will be offered at the Sher- 
aton Inn-Buffalo East in Buffalo, NY, 
on June 10 and 11, 1978. The course 
will be run by the Department of 
Neurosurgery of the State University 
of New York at Buffalo and the Dent 
Neurologic Institute of the Millard 
Fillmore Hospital. 

Requests for information should be 


Aesculapius, the god of the healing 
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sent to Dr Walter Grand, The Dent. 
Neurologic Institute of the Millard 
Fillmore Hospital, 3 Gates Circle, 
Buffalo, NY 14209. 


New Medical Journal.—A new jour- 
nal, Muscle and Nerve, will be intro- 
duced in January 1978 by Pinecliff 
Medical Publishing Co. Appearing 
bimonthly, Muscle and Nerve will 
present original articles concerning 
studies of muscle, the peripheral 
nervous system, and the neuromus- 
cular junction in health and disease. 
The editor is Walter G. Bradley, DM, 
FRCP, professor and vice-chairman 
of neurology at Tufts University 
School of Medicine and New England 
Medical Center, 171 Harrison Ave, 
Boston, MA 02111. 


Symposium on Critically Ill Patients.— 
On Nov 17 and 18, 1977, a symposium 
on the metabolic aspects of critically 
ill patients will be held at the Hilton 
Palacio del Rio, San Antonio, Tex. Co- 
sponsors are the American Medical 
Association and the University of 
Texas Health Science Center at Hous- 
ton. The symposium is accredited for 
13 hours in category 1 of the AMA 
Physician’s Recognition Award, and 
also by the American Dietetic Asso- 
ciation. Preregistration is limited. — 
Registration fee is $30. For informa- 
tion contact Mrs M. Nagy, AMA 
Department of Foods and Nutrition, 
535 N Dearborn St, Chicago, IL 60610; 
telephone (312) 751-6516. 


art, was frequently depicted on the 
reverse of ancient coins of Greece and 
Rome. The Figure is of a 33-mm 
bronze struck in Apollonia Mordiaeum 
circa 200 AD. It carries a bust of the 
emperor Septimius Severus on the 
obverse. 
The god is shown in a common 
representation as a dignified middle- 
aged man leaning on a serpent staff. 
To his right is his daughter Hygieia, a 
frequent companion. She is feeding 
another serpent from a bowl. Between 
them is the diminutive hooded, noc- 
turnal god, Telesphorus, who was 
regarded as important in concluding 
the healing process. One can barely ies a 
resist comparing him to an intern on O. oi 
rounds. 


waty 


M. W. V. A. 
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Samuel Clements Little, MD 
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June 20, 1915—April 9, 1977 


D: Samuel Clements Little was 
professor of neurology and di- 
rector of the electroencephalography 
laboratories at the University of 
Alabama Medical Center in Birming- 
ham. His initial education was in 
Emory University where he earned 
the MD degree in 1939. His training in 
neurology was taken at the University 
of Michigan. During World War II he 
served as chief of neurology, O’Reilly 
General Hospital, in Springfield, Mo. 
He was appointed neurologist in chief 
and director of the EEG laboratories 
at the University Hospital, Birming- 
ham, Ala, in 1945, where he remained 
until his death. 

He served as consultant in neurol- 
ogy and electroencephalography to 
hospitals in the Birmingham region. 
He was active in many regional and 
national professional and lay-health 
organizations in neurology and elec- 
troencephalography, including the 
American Neurological Association, 
American Academy of Neurology, and 
the American EEG Society. He served 
as chairman of the Ethics Committee 
of the American EEG Society and on 
the Medical Advisory Board of the 
National Multiple Sclerosis Society. 
He was author of more than 50 profes- 


sional journals, articles, and book 
chapters on neurology, electroenceph- 
alography, and epilepsy. 

From his long professional experi- 
ence in treatment of epilepsy he 
recognized the critical need for com- 
petent EEG technologists. To meet 
this need he took the initiative, with 
interested colleagues, to found the 
American Society for Electroencepha- 
lography Technologists and served on 
its board for many years. 

In recognition of his many contribu- 
tions to and lifetime professional 
interest in epilepsy and electroen- 
cephalography, his colleagues have 
established the Samuel C. Little 
Memorial Fund for Research in Epi- 
lepsy and EEG, to be administered by 
the Department of Neurology, Uni- 
versity of Alabama Medical Center, 
Birmingham, AL 35294. 

JAMES H. HALSEY, JR, MD 
Birmingham, Ala 


I was fortunate to be assigned briefly to Dr 
Little’s service at O'Reilly General Hospi- 
tal in 1943. I recall with fondness his solid 
integrity and with respect his clinical 
competence. We have all gained by his 
devotion to neurology and lost by his pass- 
ing.—ED. 
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imbalance 


a central problem 
in the management of Parkinson’s disease 








Posed by professional models 


by helping to correct 
dopamine/acetylcholine imbalance 


| 
7 may help bring the world of the 
parkinsonian patient back into balance 
MSD 


See last page of advertisement for brief summary of nrecrrihina intaran: 


a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... . 





fd 


Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 


Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 









and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 Stoo A ere carbidopa*and 
for patients transferred from levodopa 


~INEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
9 utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. a 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
„een taking less than 1500 mg per day. 
“Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 
NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 

p” adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 
Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 
SHARES See following page for brief summary of prescribing information 
HM mee 


Carbidopa: a key ingredient in SINEMET 


When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
hee concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed caretully tor development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe Cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise Care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 





function should be monitored with particular care during perio. 
of initial dosage adjustment, in a facility with provisions for 
intensive Cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. . 

Usage in Pregnancy and Lactation: Although effects oi 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use c 
SINEMET in women of childbearing potential requires that antic. 
pated benefits of the drug be weighed against possible hazards te; 
mother and child. SINEMET should not be given to nursir 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 h 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic 
hematopoietic, cardiovascular, and renal function are recom 
mended during extended therapy 

Patients with chronic wide-angle glaucoma may be treate 
cautiously with SINEMET provided intraocular pressure is weli 
controlled and patient is monitored caretully tor changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera: 
peutic etfects of levodopa, they should be administered witk 
caution If Concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson’s disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect 
Adverse Reactions: Most common serious adverse reactions 


occurring with SINEMET are choreiform, dystonic, and other‘ 


involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causa! 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are Cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, Weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J6S102 RI (DC 6834803) 
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ELECTROMYOGRAPH 


LT Mode! 9000 


Portable 


The Model 9000 is a rugged, compact, 
exceptionally easy-to-use single channel EMG. It is 
smaller and lighter than any comparable instrument, 

yet has a full 5” oscilloscope face. 
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Expandable Serviceable 





The Model 9000 plugs into a module bay which 
accepts a variety of expansion modules. Modules 
include a channel expander, stimulus programmer, 
signal averager, and signal store and record 
system. The Model 9000 can be quickly unplugged 
from the module bay, taken into the field for testing, 
then returned and just as quickly plugged back into 
the module bay. 


We have expended considerable effort to reduce 
both the cost and inconvenience of servicing the 
Model 9000. The instrument’s design is modular 
throughout, and all functional components can be 
replaced by simply unplugging. Indicator lights 
quickly identify malfunctioning modules. Thus, 
repairs normally taking hours often can be effected 
in minutes. In addition, a nationwide service center 
network supports all of LTI’s electronic medical 
instrument lines. 

For complete technical literature write or phone. 


Life-lech Instruments, Inc. 


Or 
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O BOX 36221 * HOUSTON TEXAS 77036 «{713)783 6490 
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The mapping of a migraine 


Specific vascular changes are revealed by liquid crystallography 


Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack. Liquid crystals allow differences in skin temperature to be “mapped” directly on the subject. 
Variations in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
offer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

help relieve the accompanying gastrointestinal irritability. And 
the patient's nervous tension, perhaps a precipitating factor in 
the onset of an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U.S.P., (Warning: May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 
U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.(Warning. May be habit forming) 60 mg.; 
tartaric acid, N.F., malic acid, lactose, U.S.P., and theobroma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attack or 
10 per week). Aecta//y—One suppository as early as possible in attack; 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 

control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Before prescribing, see package insert 
for full product information. 


Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ 75-213 
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